(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



CORRECTED VERSION 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
15 June 2000 (15.06.2000) 




PCT 



(10) International Publication Number 

WO 00/34334 Al 



(51) International Patent Classification 7 : C07K 14/705, 
C07H 21/04, C12N 1/20, 1/14, 5/06, 15/63, 15/70, 15/81, 
15/85, C12Q 1/68, G01N 33/53 

(21) International Application Number: PCT/US99/29268 



(22) International Filing Date: 

10 December 1999 (10.12.1999) 



(25) Filing Language: 

(26) Publication Language: 
(30) Priority Data: 



English 
English 



09/210,279 



10 December 1998 (10.12.1998) US 



(71) Applicant: SYNAPTIC PHARMACEUTICAL COR- 
PORATION [US/US]; 215 College Road, Paramus, NJ 
07652-1410 (US). 

(72) Inventor: BARD, Jonathan, A.; 3708 Newbolt Court, 
Doylestown, PA 18901 (US). 

(74) Agent: WHITE, John, P.; Cooper & Dunham LLP, 1185 
Avenue of the Americas, New York, NY 10036 (US). . 



(81) Designated States (national)'. AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN. CR, CU, CZ, DE, DK, 
EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ED, IL, IN, 
IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, 
RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 1Z, UA, UG, 
UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional)'. ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, EE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

(48) Date of publication of this corrected version: 

10 May 2001 

(15) Information about Correction: 

see PCT Gazette No. 19/2001 of 10 May 2001, Section E 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^ (54) Title: DNA ENCODING A MAMMALIAN RECEPTOR (fb41a) AND USES THEREOF 

m 

^ (57) Abstract: This invention provides an isolated nucleic acid encoding a mammalian fb41a receptor, a purified mammalian fb41a 
receptor, vectors comprising isolated nucleic acid encoding a mammalian fb4 1 a receptor, cells comprising such vectors, antibodies 

^ directed to a mammalian fb41a receptor, nucleic acid probes useful for detecting nucleic acid encoding a mammalian fb41a receptor, 
antisense oligonucleotides complementary to unique sequences of nucleic acid encoding a mammalian fb41a receptor, transgenic, 

^) nonhuman animals which express DNA encoding a normal or mutant mammalian fb4 la receptor, methods of isolating a mammalian 
fb41a receptor, methods of treating an abnormality that is linked to the activity of the mammalian fb4 la receptor, as well as methods 

^* of determining binding of compounds to mammalian fb41a receptors. 



vlSDOCID: <WO 0034334A1 !A> 



WO 00/34334 



PCT/US99/29268 



DNA ENCODING A MAMMALIAN RECEPTOR (fb41a) AND USES THEREOF 
BACKGROUND OF THE INVENTION 

This application claims priority of U.S. Serial No. 
09/210,279, filed December 10, 1998, the contents of which 
is hereby incorporated by reference. 

Throughout this application, various publications are 
referenced in parentheses by author and year. Full citations 
for these references may be found at the end of the 
specification immediately preceding the claims. The 
disclosure of these publications in their entireties are 
hereby incorporated by reference into this application to 
describe more fully the art to which this invention pertains. 

Neuroregulators comprise a diverse group of natural products 
that subserve or modulate communication in the nervous 
system. They include, but are not limited to, neuropeptides, 
amino acids, biogenic amines, lipids and lipid metabolites, 
and other metabolic byproducts. Many of these neuroregulator 
substances interact with specific cell surface receptors 
which transduce signals from the outside to the inside of the 
cell. G-prot'ein coupled receptors (GPCRs) represent a major 
class of cell surface receptors with which many 
neurotransmitters interact to mediate their effects. GPCRs 
are predicted to have seven membrane -spanning domains and are 
coupled to their effectors via G-proteins linking receptor 
activation with intracellular biochemical sequelae such as 
stimulation of adenylyl cyclase. While the structural motifs 
that characterize ' a GPCR can be recognized in the predicted 
amino acid sequence of a novel receptor, the endogenous 
ligand that activates the GPCR cannot necessarily be 
predicted from its primary structure. Thus, a novel receptor 
sequence may be designated as an "orphan" GPCR when its 
function as a G-protein coupled receptor can be 
accurately predicted but its endogenous activating ligand 
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cannot . 

The fb41a receptor- is such an orphan GPCR.- Isolated from 
genomic DNA by reduced stringency homology • cloning using 
probes designed from the seven transmembrane regions of the 
human Y4 receptor, fb41a encodes a novel GPCR of unknown 
function. Its closest relatives are other GPCRs, but none 
exhibits greater than 27% amino acid identity ' with fb41a. 
This level of identity is typically too low to be predictive 
of with respect to shared activating ligands. However, the 
endogenous ligand for fb41a is . likely to be a 
neurotransmitter since the fb41a receptor is present in 
several regions of the human brain. 

Using a homology screening approach to clone novel receptor 
genes, we describe here the . isolation and characterization 
of a novel receptor clone which we have designated the fb41a 
receptor gene. The receptor encoded- by the fb41a receptor 
gene will enable us to discover the endogenous activating 
ligand and confirm the function of a potentially important 
neuroregulator . It further enables us to examine the 
possibility of receptor diversity and the existence of 
multiple subtypes within this family of receptors. These 
could then ' serve as invaluable tools for drug design for 
pathophysiological" conditions such as memory loss, 
depression, anxiety, epilepsy, pain, hypertension, locomotor 
problems, circadian rhythm disorders, eating/body weight 
disorders, sexual /reproductive disorders, nasal congestion, 
diarrhea, gastrointestinal and_ cardiovascular disorders. 
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SUMMARY OF THE INVENTION 

This invention provides an isolated nucleic acid encoding a 
mammalian fb41a receptor. In one embodiment, the mammalian 
fb41a receptor is a human fb41a receptor. 

This invention provides a purified mammalian fb41a receptor 
protein. 

This invention provides a vector comprising a nucleic acid 
encoding a mammalian fb41a receptor. This invention also 
provides a vector comprising a nucleic acid encoding a human 
fb41a receptor. Such vector may be adapted for expression 
of the mammalian fb41a receptor in mammalian or non-mammalian 
cells. 

This invention provides a plasmid designated FB4 1 a (ATCC 
Accession No. 209449) . ' 

This invention provides a cell comprising a vector which 
comprises a nucleic acid encoding a mammalian fb41a receptor. 
This invention also provides a membrane preparation isolated 
from such cells. 

This invention provides a nucleic acid- probe comprising at 
least 15 nucleotides, which probe specifically hybridizes 
with a nucleic acid encoding a mammalian fb41a receptor, 
wherein the probe has a unique sequence corresponding to a 
sequence present within one of the two strands of the nucleic 
acid encoding the mammalian fb41a receptor and are contained 
in plasmid FB4 la (ATCC Accession No. 209449) . 

This invention further provides a nucleic acid probe 
comprising at least 15 nucleotides, which probe specifically 
hybridizes with a nucleic acid encoding a mammalian fb41a 
receptor, wherein the probe has a unique sequence 
corresponding to a sequence present within (a) the nucleic 
acid sequence shown in Figure lA-133(Seq. I.D. No. 1) or (b) 
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the reverse complement thereto. 

This invention also provides a nucleic acid probe comprising 
a nucleic acid molecule of at least 15' nucleotides which is 
complementary to a unique fragment of the sequence of a 
nucleic acid molecule encoding a mammalian fb41a receptor. 

This invention provides a nucleic acid probe comprising a 
nucleic acid molecule of at least 15 nucleotides which is 
complementary to the antisense sequence of a unique fragment 
of the sequence of a nucleic acid molecule encoding a 
mammalian fb41a receptor. 

This invention provides an antisense oligonucleotide having 
a sequence capable of specifically hybridizing to theRNA of 
the mammalian fb41a receptor, so. as to prevent translation 
of the - RNA. This invention also provides an antisense 
oligonucleotide having a sequence capable of specifically 
hybridizing to the genomic DNA encoding a mammalian fb4 la 
receptor. 

This invention further provides an antibody capable of 
binding to a mammalian fb41a receptor. This invention also 
provides an agent capable of competitively inhibiting the 
binding of the antibody to a mammalian fb41a receptor. 

This invention provides a pharmaceutical composition 
comprising (a) an amount of the oligonucleotide described 
above capable of passing through a cell' membrane and 
effective to reduce expression of a mammalian fb41a receptor 
and (b) a pharmaceut ically acceptable carrier capable of 
passing through the cell membrane. 

This invention provides a transgenic, nonhuman mammal 
expressing DNA encoding a mammalian fb41a receptor. This 
invention also provides a transgenic, nonhuman mammal 
comprising a homologous recombination knockout of the native 
mammalian fb41a receptor. This invention further provides 
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a transgenic, nonhuman mammal whose genome comprises 
antisense DNA complementary to the DNA encoding a mammalian 
fb41a receptor so placed within the genome as to be 
transcribed into antisense mRNA which is complementary to 
mRNA " encoding the mammalian fb41a receptor and which 
hybridizes to mRNA encoding the mammalian fb41a receptor, 
thereby reducing its translation. 

This invention provides a process for identifying a chemical 
compound which specifically binds to a mammalian ,fb41a' 
receptor which comprises contacting cells containing DNA 
encoding and expressing on their cell surface the mammalian 
fb41a receptor, wherein such cells do not normally express 
the mammalian fb41a receptor, with the compound under 
conditions suitable for binding, and detecting specific 
binding of the chemical compound to the mammalian fb41a 
receptor . 

This invention provides a process for identifying a chemical 
compound which specifically binds to a mammalian fb41a 
receptor which comprises contacting a membrane fraction from 
a cell extract of cells containing DNA encoding and 
expressing on their cell surface the mammalian fb41a 
receptor, wherein such cells do not normally express the 
mammalian fb41a receptor, with the compound under conditions 
suitable for binding, and detecting specific binding of the 
chemical compound to the mammalian fb41a receptor. 

This invention provides a process involving competitive 
binding for identifying a chemical compound which 
specifically binds to a mammalian fb41a receptor which 
comprises separately contacting cells expressing on their 
cell surface the mammalian fb41a receptor, wherein such cells 
do not normally express the mammalian fb41a receptor, with 
both the chemi cal compound and a second chemical compound 
known to bind to the receptor, and with only the second 
chemical compound,, under conditions suitable for binding of 
both compounds, and detecting specific binding of the 
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chemical .compound to the mammalian fb41a receptor, a decrease 
in the binding of the second chemical compound to the 
mammalian fb41a receptor in the presence of the chemical 
compound indicating that the chemical compound binds to the 
mammalian fb41a receptor. 

This invention provide a process involving competitive 
binding for identifying a chemical compound which 
specifically binds to a mammalian fb41a receptor which 
comprises separately contacting a membrane fraction from a 
cell extract of cells . expressing on their cell surface the 
mammalian fb41a receptor, wherein such cells do not normally 
express the mammalian fb41a receptor, with both the chemical 
compound and a second chemical compound known to bind to the 
receptor, and with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting specific binding of the chemical compound to the 
mammalian fb41a receptor, a decrease in the binding of the 
second chemical compound to the mammalian fb41a receptor in 
the presence of the chemical compound indicating that the 
chemical compound binds to the mammalian fb41a receptor. 

This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian fb41a 
receptor to identify a compound which specifically binds to 
the mammalian fb4 la .receptor, which comprises (a) contacting 
cells transfected with and expressing DNA encoding the 
mammalian fb41a receptor with a compound known to bind 
specifically to the mammalian fb41a receptor; (b) contacting 
the preparation of step (a) with the plurality of compounds- 
not known to bind specifically to the mammalian fb41a^ 
receptor, under conditions permitting binding of compounds 
known to bind the mammalian fb41a receptor; (c) determining 
'whether the binding of the compound known to bind to the 
mammalian fb41a receptor is reduced in the presence of the 
compounds within the plurality of compounds, relative to the 
binding of the compound in the absence of the plurality of 
compounds; and if so (d) separately determining the binding 
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to the mammalian fb41a receptor of compounds included in the 
plurality of compounds, so as to thereby identify the 
compound which specifically binds to the mammalian fb41a 
receptor . 

This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian fb41a 
receptor to identify a compound which specifically binds to 
the mammalian fb41a receptor, which comprises (a) preparing ' 
a cell extract from cells transfected with and expressing DNA 
encoding the mammalian fb41a receptor, isolating a membrane 
fraction from the cell extract, contacting the membrane 
fraction with a compound known to bind specifically to the 
mammalian fb41a receptor; (b) contacting the preparation of 
step (a) with the plurality of compounds not known to bind 
specifically to the mammalian fb41a receptor, under 
conditions permitting binding of compounds known to bind the 
mammalian fb41a receptor; (c) determining whether the binding 
of the compound known to bind to the mammalian fb41a receptor 
is reduced in the presence of the compounds within the 
plurality of compounds, relative to the binding of the 
compound in the absence of the plurality of compounds; and 
if so (d) separately determining the binding to the 
mammalian fb41a receptor of compounds included in the 
plurality of compounds, so as to thereby identify the 
compound which specifically binds to the mammalian fb41a 
receptor. 

This invention provides a method of detecting expression of 
a mammalian fb41a receptor by detecting the presence of mRNA 
coding for the mammalian fb41a receptor which comprises, 
obtaining total mRNA from the cell and contacting the mRNA 
so obtained .with a nucleic acid probe under hybridizing 
conditions, detecting the presence- of mRNA hybridizing to the 
probe, and thereby detecting the expression of the mammalian 
fb41a receptor by the cell. 
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of a mammalian fb41a receptor on the surface of a cell which 
comprises contacting the cell with an antibody under 
conditions permitting binding of the antibody to the' 
receptor, detecting the presence of the antibody bound to. the 
5 cell, and thereby detecting the presence of the mammalian 
fb41a receptor on the surface of the cell. 

This, invention provides a method of determining the 
physiological effects of' varying levels of activity of 
10 mammalian fb41a receptors which comprises producing a. 
y transgenic, nonhuman mammal whose levels of mammalian fb41a 
receptor activity are varied by use of an inducible promoter 
which regulates mammalian fb41a receptor expression. 

15 

This invention provides a method of determining the 
physiological effects of varying levels of activity of 
mammalian fb41a receptors which comprises producing a panel 
of transgenic, nonhuman mammals each expressing a different . 
20 • amount of mammalian fb41a receptor. 

This invention provides a method for identifying an 
antagonist capable of alleviating an abnormality wherein the 
abnormality is alleviated by decreasing the activity of a 

25 mammalian fb41a receptor comprising administering a compound 
to the transgenic, nonhuman mammal and determining whether 
the compound alleviates the physical and behavioral 
abnormalities displayed by the transgenic, nonhuman- mammal 
as a result of overactivity " of a mammalian fb41a receptor, 

30 the alleviation of the abnormality identifying the compound 
as an antagonist. This invention also provides an antagonist 
identified by this method. This invention further provides 
a pharmaceutical composition comprising an antagonist 
identified by this method and a pharmaceut ically acceptable 

35 carrier. 

This invention provides a method of treating an abnormality 
in a subject wherein ' the abnormality is alleviated by 
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decreasing the activity of a mammalian fb41a receptor which 
comprises administering to the subject an effective amount 
of this pharmaceutical composition, thereby treating the 
abnormality. 

5 

This invention provides a method for identifying an agonist 
capable of alleviating an abnormality in a subject wherein 
the abnormality is alleviated by increasing the activity of 
a mammalian fb41a receptor comprising administering a 

10 compound to a transgenic, nonhuman mammal, and determining 
whether the compound alleviates the physical and behavioral 
abnormalities displayed by the transgenic, nonhuman mammal, 
the alleviation of the abnormality identifying the compound 
as an agonist. This invention also provides an agonist 

15 identified by this method. This invention further provides 
a pharmaceutical composition comprising an agonist identified 
by this method and a pharmaceutical ly acceptable carrier. 
This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 

20 increasing- the activity of a mammalian fb41a receptor which 
comprises administering to the subject an effective amount 
of this pharmaceutical composition, thereby treating the. 
abnormality. 

25 This invention "provides a method for diagnosing a 
predisposition to a disorder associated with the activity of 
a specific mammalian allele which comprises: (a) obtaining 
DNA of subjects suffering from the disorder; (b) performing 
a restriction digest of the DNA with a panel of restriction 

30 enzymes; (c) electrophoretically separating the resulting ..DNA 
fragments on a sizing gel; (d) contacting the resulting gel 
with a nucleic acid probe capable of specifically hybridizing 
with a unique sequence included within the sequence of a 
nucleic acid molecule encoding a mammalian fb41a receptor and 

35 labeled with a detectable marker; (e) detecting labeled bands 
which have hybridized to the DNA encoding a mammalian fb41a 
receptor labeled with a detectable marker to create a unique 
band pattern specific to the DNA of subjects suffering from 
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the disorder; (f) preparing DNA obtained for diagnosis by 
steps (a) - (e) ; and (g) comparing the unique band pattern 
specific to the DNA of subjects suffering from the disorder 
from step (e) and the DNA obtained for diagnosis from step 
(f) to determine whether the patterns are the same or/ 
different and to diagnose thereby predisposition to the 
disorder if the patterns are the same. 

This invention provides a method of preparing a purified 
mammalian fb41a receptor which comprises: (a) inducing cells 
to express the mammalian fb41a receptor; (b) recovering the 
mammalian fb41a receptor from the induced cells; and (c) . 
purifying the mammalian fb41a receptor so recovered. 

This inventions provides a method of preparing a purified 
mammalian fb41a receptor which comprises: (a) inserting 
nucleic acid encoding the mammalian fb41a receptor in a 
suitable vector; (b) introducing the resulting vector in a 
suitable host cell; (c) placing the resulting cell in 
suitable condition permitting the production of the isolated 
mammalian fb41a receptor; (d) recovering the mammalian fb41a 
receptor produced by the resulting cell; and (e) purifying 
the mammalian fb41a receptor so recovered. 

This invention provides a process for determining whether a 
chemical compound is a mammalian fb41a receptor agonist which 
comprises contacting cells transfected with and expressing 
DNA encoding the mammalian fb41a receptor with the compound 
under conditions permitting the activation of the mammalian 
fb41a receptor, and detecting an increase in mammalian fb41a 
receptor activity, so as to thereby determine whether the 
compound ' is a mammalian fb41a receptor agonist. This 
invention .also provides a pharmaceutical composition which 
comprises an amount of a mammalian fb41a receptor agonist 
determined by this process effective to increase activity of 
a mammalian fb41a receptor and a pharmaceutical ly acceptable 
carrier. 
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This invention provides a process for determining whether a 
chemical compound is a mammalian fb41a receptor antagonist 
which comprises contacting cells' transfected with and 
expressing DNA encoding the mammalian fb41a receptor with the 
5 compound in the presence of a known mammalian fb41a receptor 
agonist, under conditions permitting the activation of the 
mammalian fb41a receptor, and detecting a decrease in 
mammalian fb41a receptor activity, so as to thereby determine 
whether the compound is a mammalian fb41a receptor 
10 antagonist. This invention also provides a pharmaceutical 
composition which comprises an amount of a mammalian fb41a 
receptor antagonist determined by this process effective to 
reduce activity of a mammalian fb41a receptor and- a 
pharmaceutically acceptable carrier. 

This invention provides a process for determining whether a 
chemical compound specifically binds to and activates a 
mammalian fb41a receptor, which comprises contacting cells 
producing a second messenger response and expressing on their 

20 cell surface the mammalian fb41a receptor, wherein such cells 
do not normally express the mammalian fb41a receptor, with 
the chemical compound under conditions suitable for 
activation of the mammalian fb41a receptor, and measuring the 
second messenger response in the presence and in the absence 

25 of the chemical compound, a change in the second messenger 
response in the presence of the chemical compound indicating 
that the compound activates the mammalian fb41a receptor. 
This invention, also provides a compound determined by this 
process.- This invention further provides a pharmaceutical 

30 composition which comprises an amount of the compound (a 
fb41a receptor agonist) determined by this process effective 
to increase activity of a mammalian fb41a receptor and a 
pharmaceutically acceptable carrier. 

35 This invention provides a process for determining whether a 
chemical compound specifically binds to and inhibits 
activation of a mammalian fb41a receptor, which comprises 
separately contacting cells producing a second messenger 
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response and expressing on their cell surface the mammalian 
fb41a receptor, wherein such cells do not normally express 
the mammalian fb41a receptor, with both the chemical compound 
and a second chemical compound known to activate the 
mammalian fb41a receptor, and with only the second chemical 
compound, under conditions suitable for activation of the 
mammalian fb41a receptor, and measuring the second messenger 
response in the presence of only the second chemical compound 
and in the presence of both the second chemical compound and 
the chemical compound, a smaller change in the second 
messenger response in the presence of both the chemical 
compound and the second chemical compound than in the 
presence of only the second chemical compound indicating that 
the .chemical compound inhibits activation of the mammalian 
fb41a receptor. " This invention also provides a compound 
determined by this process. This invention further provides 
a pharmaceutical composition which comprises an amount of the 
compound (a mammalian fb41a receptor antagonist) determined 
by this effective to reduce activity of a mammalian fb41a 
receptor and a pharmaceut ically acceptable carrier. 

This invention provides a method of - screening a plurality of 
chemical compounds not known to activate a mammalian fb41a 
receptor to identify a compound which activates the mammalian 
fb41a receptor which ' comprises: (a) contacting cells 
transfected with and expressing the mammalian fb41a receptor 
with the plurality of compounds not known to activate the 
mammalian fb41a receptor, under conditions permitting 
activation of the mammalian fb41a receptor; (b) determining 
whether the activity of the mammalian fb41a receptor is 
increased in the presence of the compounds; and if so (c) 
separately determining whether the' 'activation of the 
mammalian fb41a receptor is increased by each compound 
included in the plurality of compounds, so as to thereby 
identify the compound which activates the mammalian fb41a 
receptor. This invention also provides a compound identified 
by this method. This invention further provides a 

pharmaceutical composition 'which comprises an amount of the 
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compound (a mammalian fb41a receptor agonist) identified by 
this method effective to increase activity of a mammalian 
fb41a receptor and a pharmaceutical ly acceptable carrier. 

This invention provides a method of screening a plurality of 
chemical compounds not known to inhibit the activation of a 
mammalian fb41a receptor to identify, a compound which 
inhibits the activation of the mammalian fb41a receptor, 
which comprises: (a) contacting cells transfected with and 
expressing the mammalian fb41a receptor with the plurality 
of compounds in the -presence of a known mammalian fb41a 
receptor agonist, under conditions permitting activation of 
the mammalian fb41a receptor; (b) determining whether the 
activation of the mammalian fb41a receptor is reduced in the 
presence of the plurality of compounds, relative to the 
activation of the mammalian fb41a receptor in the absence of 
the plurality of compounds; and if so (c) separately 
determining the inhibition of activation of the mammalian 
fb41a receptor for each compound included in the plurality 
of compounds, so as to thereby identify the compound which 
inhibits the activation of the mammalian fb41a receptor. 
This invention also provides a compound identified by this 
method. This invention further provides a pharmaceutical 
composition which comprises an amount of the compound (a 
mammalian fb41a receptor antagonist) identified by this 
process effective to decrease activity of a mammalian fb41a 
receptor and a pharmaceutical^ acceptable carrier. 

This invention provides a method of treating an abnormality . 
in a subject wherein the abnormality is alleviated by 
increasing the activity of a mammalian fb41a receptor which 
comprises administering to the subject an amount of a 
compound which is a mammalian fb41a receptor agonist 
effective to treat the abnormality. 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 
decreasing - the activity of a mammalian fb41a receptor which 
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comprises administering to the subject an amount of a 
compound which is a mammalian fb41a receptor antagonist 
effective to treat the abnormality. 
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BRIEF DESCRIPTION OF THE FIGURES 
Figures 1A-1B 

Nucleotide sequence . encoding a human receptor (fb41a) (Seq. 
5 I.D. No. 1). Two potential start (ATG) codons and the stop 

(TAA) codon are underlined. 

Figures 2A-2C 

Deduced amino acid sequence (Seq. I.D. No. 2) of the human 
10 receptor (fb41a) encoded by the nucleotide sequence shown 
Figures 1A-1B (Seq. I.D. No. 1). Seven solid lines 
designated I-VII. located above portions of the sequence 
indicate the seven putative transmembrane <TM) spanning 
regions . 

15 

Figure 3 , 

Partial coding sequence of rat receptor fb41a (SEQ. ID NO. 
3) . 

20 Figure 4 

Partial amino acid sequence of the rat fb41a. receptor (SEQ. 
ID NO. 4) encoded by the partial nucleotide sequence of 
Figure 3 . 

25 Figure 5 

• Comparison of rat and human nucleotide sequences for fb41a. 
Vertical lines indicate conserved residues . 

Figure 6 

30 Autoradiograph demonstrating hybridization of radiolabeled 
rat fb41a probe to RNA extracted from rat tissue in a 
solution hybridization/nuclease protection assay using 32 P 
labeled riboprobe . 2^tg of mRNA was used in each assay. The 
single band (arrow) represents mRNA coding for the fb41a 

35 receptor extracted from the indicated tissue. Highest levels 
of mRNA codir.g for fb41a are found in: dorsal root ganglia, 
trigeminal ganglia, and neonatal brains. Integrity of RNA 
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was assessed using hybridization to mRNA coding for GAPDH. 



Figure 7 

Autoradiograph demonstrating hybridization of radiolabeled 
5 fb41a probe to RNA extracted from rat tissue in a solution 
hybridization/nucleiase protection assay. The bands (arrows) 
represent mRNA coding for the fb41a receptor extracted from- 
the indicated tissue. Multiple bands representing fb4 la mRNA 
are caused by splice variants of the mRNA or a hybridization 
10 artifact. Highest levels of mRNA coding for fb41a are found 
in fetal brain. Other areas expressing fb41a include: 
cerebellum, pituitary, and substantia nigra. Integrity of RNA 
was assessed using hybridization to mRNA coding for GAPDH 
(not shown) . 

15 

Figures 8A-8B 

Figure 8A: Hybridization of radiolabeled human fb41a 
riboprobe to a ZooBlot . Fb41a like gene sequences are 
present in several species including human, monkey, rat, dog, 
20 cow, rabbit, and yeast. 

Figure- 8B: Hybridization of radiolabeled human fb41a 
riboprobe to a northern blot of fetal tissue. There is olear 
hybridization to- mRNA extracted from fetal whole brain, with 
little or no specific hybridization in lung, liver or kidney. 

25 
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DETAILED DESCRIPTION OF THE INVENTION 
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Throughout this application, the following standard 
abbreviations are used to indicate specific nucleotide bases: 

A = adenine 

G = guanine 

C = cytosine 

T = thymine 

U = uracil 

M = adenine or cytosine 

R = adenine or guanine 

W = adenine, thymine, or uracil 

S = cytosine or guanine 

Y = cytosine, thymine, or uracil 
K = guanine, thymine, or uracil 

V = adenine, cytosine, or guanine (not thymine 

or uracil 

H = adenine, cytosine, thymine, or uracil (not 
guanine) 

D = adenine, guanine, thymine, or uracil (not 
cytosine) 

B = cytosine, guanine, thymine, or uracil (not 
adenine) 

N = adenine, cytosine, guanine, thymine, or uracil 
• . (or other modified base such as inosine) 

I = inosine 



Furthermore, the term agonist is used throughout this 
application to indicate any peptide or non-peptidyl compound 
which increases the activity of any of the polypeptides of 
the subject invention. The term antagonist is used 
throughout this application to indicate any peptide or non- 
peptidyl compound which decreases the activity of any of the 
polypeptides of the subject invention. 

The activity of a G-prbtein coupled receptor such as the 
polypeptides disclosed herein may be measured using any of 
a variety of functional assays in which activation of the 
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receptor in question results in an observable change in the 
levjsl of some second messenger system, including, but not 
limited to, adenylate cyclase, calcium mobilization, 
arachidonic acid release, ion channel activity, inositol 
phospholipid hydrolysis or guanylyl cyclase. Heterologous ■ 
expression ' systems utilizing appropriate host cells to 
express the nucleic acid of the subject invention are used 
to. obtain the desired second messenger coupling. Receptor 
activity may also be assayed in an oocyte expression system. 



It is possible that, the mammalian fb41a receptor gene 
contains introns and furthermore, the possibility exists that 
additional introns could exist in coding or non-coding 
regions. In addition, spliced form(s) of mRNA may encode 

15 additional amino acids either upstream of • the currently 
defined starting methionine or within the. coding region. 
Further, the existence and use of alternative exons is 
possible, whereby the mRNA may encode different amino acids 
within the region comprising the exon. In addition, single 

20 amino acid substitutions may arise via the mechanism of RNA 
editing such that the amino acid sequence of the expressed 
protein is different than that encoded by the original gene. 
(Burns et a-1., 1996 ; Chu et al . , 1996). .Such variant s ■ may 
exhibit pharmacologic properties differing from the 

25 polypeptide encoded by the original gene. 

This invention provides a splice variant of the mammalian 
fb41a receptor disclosed herein. This invention further 
provides for alternate translation initiation sites and 
30 . alternately spliced or edited variants of nucleic acids 
encoding mammalian fb41a receptors of this invention. 

The nucleic acids of the subject invention also include 
nucleic acid analogs of the human fb41a receptor gene, 
35 wherein the human fb41a receptor gene comprises the nucleic 
acid sequence shown in Fig. 1A-1B or contained in plasmid 
FB4 la (ATCC Accession No. 209449) . A nucleic acid analog of 
the human fb41a receptor gene differs from the human fb41a 
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receptor gene described herein in terms of the identity or 
location of one or more nucleic acid bases (deletion analogs 
containing less than all of the nucleic acid bases shown in 
Fig. 1A-1B or contained in plasmid FB4 la (ATCC Accession No. 
5 209449) , substitution analogs wherein one or more nucleic 
acid bases shown in Fig. 1A-1B or contained in plasmid FB4 la 
(ATCC Accession No. 20.9449) are replaced by other nucleic 
acid bases, and addition analogs, wherein one or "'more nucleic 
acid bases are added to a terminal or medial portion of the 

10 nucleic acid sequence) and which encode proteins which share 
some or all of the properties of the protein encoded- by the 
nucleic acid sequence shown in Fig. 1A-1B or contained in 
plasmid FB41a (ATCC Accession No.- 209449) . In one embodiment 
of the present invention, the nucleic acid analog encodes a 

15 protein which has an amino acid sequence identical to that 
shown in Fig. 2A-2C or encoded by the nucleic acid sequence 
contained in plasmid FB4 la (ATCC Accession No. 2 0 9449) . In 
another embodiment, the nucleic acid analog encodes a protein 
having an amino acid sequence which differs from the amino 

20 acid sequence shown in Fig. 2A-2C or encoded by the nucleic 
acid contained in plasmid FB4 la (ATCC Accession No. 209449). 
In a further embodiment, the protein encoded by the nucleic 
acid analog- has a function which is the same as the function 
of the receptor protein having the amino acid sequence shown 

25 in Fig. 2A-2C. In" another embodiment, the function of the 
protein encoded by the nucleic acid analog differs from the 
function of the receptor protein having the amino acid 
sequence shown in Fig. 2A-2C. In separate embodiments, the 
variation in the nucleic acid sequence is less than 2 0 number 

30 of base pairs; preferably, less than 10 number of base pairs; 

more preferably, less than 5 number of base pairs. In 
another embodiment, the variation in the nucleic acid 
sequence occurs within the transmembrane (TM) region of the 
protein. In a further embodiment, the variation in the 

35 nucleic acid sequence occurs outside of the TM region. 

This invention provides the above-described isolated nucleic 
acid, wherein the nucleic acid is DNA . In an embodiment, the 
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DNA is cDNA. In another embodiment, the DNA is genomic DNA. 
In still another embodiment, the nucleic acid is RNA. 
Methods for production and manipulation of nucleic acid 
molecules are well known in the art . 

5 

This invention . further provides nucleic acid which is 
degenerate with respect to the DNA encoding any of the 
polypeptides described herein. In an embodiment ,•• the nucleic 
acid comprises a nucleotide sequence which is degenerate with 
10 respect to the nucleotide sequence shown in Figure 1A-1B (SEQ 
• ID NO. 2) or the nucleotide sequence contained in the plasmid 
FB4 la (Accession No .- 209449 ),' that is, a nucleotide sequence 
which is translated into the same amino acid sequence. 

15 This invention also encompasses DNAs and cDNAs which encode 
amino acid sequences which differ from those of the 
polypeptides of this invention, but which should not produce, 
phenotypic changes. Alternately, this invention also 
encompasses DNAs, cDNAs , and RNAs which hybridize to the DNA, 

20 cDNA, and RNA of the subject invention. Hybridization 
methods are well known to those of skill in the art. 

The nucleic acids of the subject invention also include 
nucleic acid molecules coding for polypeptide analogs, 

25 fragments or derivatives of antigenic polypeptides which 
differ from naturally-occurring " forms in terms of the 
identity or location of one or more amino acid residues 
(deletion analogs containing less than all of the residues 
specified for the protein, substitution analogs wherein one 

30 or more residues specified are replaced by other residues and 
addition analogs wherein one or more amino acid residues is 
added to a terminal or medial portion of the polypeptides) 
and which share some or all properties of naturally- occurring 
forms. These molecules include: the incorporation of codons 

35 preferred for expression by selected non-mammalian hosts; the 
provision of sites for cleavage by restriction endonuclease 
enzymes; and the provision of additional initial, terminal 
or intermediate DNA sequences that facilitate construction 
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of readily expressed vectors. The creation of polypeptide 
analogs is well known to those of skill in the art (R.F. 
Spurney et al . (1997); Fong, T.M. et al . (1995); Underwood, 
D.J. et al. (1994); Graziano, M.P. et al . (1996); Guam X.M. 
et al . (1995) ) . ' 

The modified polypeptides of this invention may be 
transfected into cells either transiently or stably using 
methods well-known in the art, examples of which are 
disclosed herein. This invention also provides for binding 
assays using the modified polypeptides, in which the 
polypeptide is expressed either transiently or in stable cell 
lines. This invention further provides a compound identified 
using a modified polypeptide in a binding assay such as the 
binding assays described herein. 

The nucleic acids described and claimed herein are useful for 
the information which they provide concerning the amino acid 
sequence of the polypeptide and as products for the large 
scale synthesis of the polypeptides by a variety of 
recombinant techniques. The nucleic acid molecule is useful 
for generating new- cloning and expression vectors, 
transformed and transfected prokaryotic and eukaryotic host 
cells, and new and useful methods for cultured growth of such 
host cells capable of expression of the polypeptide and 
related products. 

This invention provides an isolated nucleic acid encoding a 
mammalian fb41a receptor. In one embodiment, the nucleic 

acid is DNA. In another embodiment, the DNA is cDNA In. 

another embodiment, the DNA is genomic DNA. In another 
embodiment, the nucleic acid is RNA. 

This invention further provides an isolated nucleic acid 
encoding a human fb41a receptor analog. 

In one embodiment of the present invention, the mammalian 
fb41a receptor is a human fb41a receptor. 
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This invention also provides an isolated nucleic acid 
encoding a species homo log" of the human fb41a receptor. In 
one embodiment, the nucleic acid encodes a mammalian fb41a 
receptor homolog which has substantially the same amino acid 

5 sequence as does the human fb41a receptor encoded by the 
plasmid FB41a (ATCC Accession No. 209449) . In another 
embodiment, the nucleic acid encodes a mammalian FB41a 
receptor homolog which has about 65% amino acid identity to 
the human fb41a receptor encoded by the plasmid FB4 la (ATCC 

10 Accession No. 209449) . In a further embodiment, the nucleic 
acid encodes a mammalian fb41a receptor which has about 75% 
amino acid identity to the human fb41a receptor encoded by 
the plasmid FB4 la (ATCC Accession No. 2 0944 9) . In another 
embodiment, the nucleic acid encodes a mammalian fb41a 

15 receptor which has about 85% amino acid identity to the human 
fb41a 'receptor encoded by the plasmid FB4 la (ATCC Accession 
No. 209449) . In a further embodiment, the nucleic acid 
encodes a mammalian fb41a receptor which has about -95% amino 
acid identity to the human fb41a receptor encoded by the 

20 plasmid FB41a (ATCC Accession No. 209449) .. In a further 
embodiment, the nucleic acid encodes a mammalian fb41a 
receptor homolog which has an amino acid sequence identical 
to that of the human fb41a receptor encoded by the plasmid 
FB4 la (ATCC Accession No. 209449) . In another embodiment, 

25 the mammalian fb41a receptor homolog has about 70% nucleic 
acid identity to the human fb41a receptor gene contained in 
plasmid FB4 la (ATCC Accession No. 209449) . In a further 
embodiment, the mammalian fb41a receptor homolog has about 
80% nucleic acid identity to the human fb41a receptor gene 

30 contained in the plasmid FB4 la (ATCC Accession No. 209449) . 

In another embodiment, the mammalian fb41a receptor homolog 
has about 90% nucleic acid identity to the human fb41a 
receptor gene contained in the plasmid FB4 la (ATCC Accession 
No. 209449). In a further embodiment, the mammalian fb41a 

35 receptor homolog has about 100% nucleic acid identity to the 
human fb41a receptor gene contained in the plasmid FB4 la 
(ATCC Accession No, 20944 9) . Examples of methods for 
isolating and purifying species homologs are described 
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elsewhere (U.S. Patent No. 5,602,024) and below. 

For example, once a human receptor gene has been cloned, 
oligonucleotide probes derived from the human gene sequence 
may be used to screen a genomic library in A dash II. The 
oligonucleotide is labeled with 32 P using polynucleotide 
kinase. Hybridization may be performed at medium stringency 
conditions: 45°C in a solution containing 37.5% formamide, 5X 
SSC (IX SSC in 0 . 5M NaCl , 0.015M sodium citrate), IX 
Denhardt's solution (0.02% polyvinylpyrrolidone , 0.02% 
Ficoll, 0.02% BSA) , and 200/ig//il sonicated salmon sperm DNA. 
The filters are washed at 45°C in 0 . IX SSC containing 0.1% 
SDS and exposed at -70°C to Kodak XAR film in the presence of 
an intensifying screen. Lambda phage clones hybridizing with 
the probe are plaque purified and DNA prepared for Southern 
blot analysis (Southern, 1975; Sambrook et al . , 1989). A 
hybridizing fragment may be subcloned into a vector such as 
pUC18 (Pharmacia, Piscataway, N.J.). Nucleotide sequence 
analysis may be determined using standard procedures. The 
hybridizing fragment isolated above may be amplified using 
PCR with appropriate primers. The PCR primers are used to 
amplify single stranded cDNA prepared from brain as 
previously described. The amplified DNA is subcloned and 
sequenced. 

A cDNA clone may also be isolated by screening pools of a 
cDNA library by PCR with appropriate primers. Positive pools 
identified may be analyzed further by sib selection to 
isolate a cDNA clone. DS-DNA may be sequenced as described 
above and nucleotide and peptide sequence analysis performed 
with GCG programs. For transient expression, COS- 7 cells 
maybe transfected by the DEAE-Dextran method using 1 ^g of 
DNA/1(T : cells, as described elsewhere. 

In one embodiment, the nucleic acid encodes a human fb41a 
receptor which has an amino acid sequence identical to that 
encoded by the plasmid FB4 la (ATCC Accession No. 2 0 9449) . 
In a further embodiment, the human fb41a receptor has a 
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sequence substantially the same as the amino acid sequence 
shown in Figure 2A-2C (Seq. I.D. No. 2). In another 
embodiment, the human fb41a receptor has an amino acid 
sequence identical to the amino acid sequence shown in Figure 
5 2A-2C (Seq. I.D. No. 2). 

This invention provides an isolated nucleic acid encoding a 
modified mammalian fb41a receptor, which differs from a 
mammalian fb41a receptor by having an amino acid(s) deletion, 
0 replacement, or addition in the third intracellular domain. 

This invention provides a purified mammalian fb41a receptor 
protein. In one embodiment, the purified, mammalian fb41a 
receptor protein is a human fb41a receptor protein. 

15 

This invention provides a vector comprising the nucleic acid 
encoding a mammalian fb41a receptor. In another embodiment, 
the mammalian fb41a receptor is a human fb41a receptor. 

20 In an embodiment, the vector is adapted for expression in a 
bacterial 1 cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the bacterial 
cell operatively linked to the nucleic acid encoding the 
mammalian fb41a receptor as to permit expression thereof. 

25 In another embodiment, the vector is adapted for expression 
in an amphibian cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the amphibian 
cell operatively linked to the nucleic acid encoding the 
mammalian fb41a receptor as to permit expression thereof. 

30 In a further embodiment, the vector is adapted for expression' 
in a yeast cell which comprises' the regulatory elements 
necessary for expression of the nucleic acid in the yeast 
cell operatively linked to the nucleic acid encoding the 
mammalian fb41a receptor so as to permit expression thereof. 

35 In an embodiment, the vector is adapted for 'expression in an 
insect cell which comprises the regulatory elements necessary 
for expression of the nucleic acid in the insect cell 
operatively linked to the nucleic acid encoding the mammalian 
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fb41a receptor so as to permit expression thereof. In 
another embodiment, the vector is a baculovirus. In a 
further embodiment, the vector is adapted for expression in 
a mammalian cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the mammalian 
cell operatively linked to the nucleic acid encoding the 
mammalian fb4 la receptor so as to permit expression thereof. 
In. one embodiment, the vector is a plasmid. 

This invention provides a plasmid designated FB4 la (ATCC 
Accession No. 209449) .-- This plasmid comprises the regulatory 
elements necessary for expression of DNA in a mammalian cell 
operatively linked to DNA encoding the mammalian fb41a 
receptor so as to permit expression thereof. 

This plasmid (FB41a) was deposited on November 11, 1997, with 
the American Type Culture Collection (ATCC) , 10801 University 
Blvd., Manassas, Virginia, U.S.A. under the provisions of the 
Budapest Treaty for the International Recognition of the 
Deposit of Microorganisms for the 'Purposes of Patent 
Procedure and was accorded ATCC Accession No. 209449. 

This invention further provides for any vector or plasmid 
which comprises modified untranslated sequences, which are 
beneficial for expression in desired host cells or for use 
in binding or functional assays. For example, a vector or 
plasmid with untranslated sequences of varying lengths may 
express differing amounts of the polypeptide depending upon 
the host cell used. In an embodiment, the vector or plasmid 
comprises the " coding sequence of the polypeptide and the 
regulatory elements necessary for expression in the host 
cell. 

This invention provides a cell comprising a vector comprising 
a nucleic acid encoding the mammalian fb41a receptor. In an 
embodiment, the cell is a non-mammalian cell. In a further 
embodiment, the non-mammalian cell is a Xenopus oocyte cell 
or a Xenopus melanophore cell. In another embodiment, the 
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cell is a mammalian cell. In a further embodiment, the 
mammalian cell is a COS-7 cell, a 293 human embryonic kidney 
cell, a NIH-3T3 cell, a LM(tk-) cell, a mouse Yl cell, or 
a CHO cell . 

5 

This invention provides an insect cell comprising a vector 
adapted lor expression in an insect cell which comprises a 
nucleic acid encoding a mammalian fb41a receptor.- In another 
embodiment, the insect cell is an Sf9 cell, an Sf21 cell or 
10 a HighFive cell. 

This invention provides a membrane preparation isolated from 
any one of the cells described above. 

15 This invention provides a nucleic acid probe comprising at 
least 15 nucleotides, which probe specifically hybridizes 
with- a nucleic acid encoding a mammalian fb41a receptor; 
wherein the probe has a unique sequence corresponding to a 
sequence present within one of the two strands of the nucleic 

20 acid encoding the mammalian fb41a receptor and are contained 
in plasmid fb41a (ATCC Accession No. 209449) . This invention 
also provides a nucleic acid probe comprising at least 15 
nucleotides, which probe specifically hybridizes with a 
nucleic acid encoding a mammalian fb41a receptor, wherein the 

25 probe has a unique sequence corresponding to a sequence 
present within (a) the nucleic acid sequence shown in Figure 
1 (Seq. I.D. No. 1) or (b) the reverse complement thereto. 
In one embodiment, the nucleic acid is DNA. In another 
embodiment, the nucleic acid is RNA. 

30 

This invention provides a nucleic acid probe comprising a 
nucleic acid molecule of at least 15 nucleotides which' is 
complementary to a unique fragment of the sequence of a 
nucleic acid molecule encoding a mammalian fb41a receptor. 
35 This invention also provides a nucleic acid probe comprising 
a nucleic acid molecule of at least 15 nucleotides which is 
complementary to the antisense sequence of a unique fragment 
of the sequence of a nucleic acid molecule encoding a 
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As used herein, the phrase specifically hybridizing means the 
ability of a nucleic acid molecule to recognize a nucleic 
acid sequence complementary to its own and to form double - 
helical segments through hydrogen bonding between 
complementary base pairs. 

Nucleic acid probe technology is well known to those skilled 
in the art who will readily ' appreciate that such probes may 
vary greatly in length- and may be labeled with a detectable 
label, such as a radioisotope or flourescent dye, to 
facilitate detection of the probe. DNA probe molecules may 
be produced by insertion of a DNA molecule which encodes the 
polypeptides of this invention into suitable vectors, such 
as plasmids or bacteriophages, followed by transforming into 
suitable bacterial host cells, replication in the transformed 
bacterial host cells and harvesting of the DNA probes, using 
methods well known in the art. Alternatively, probes may be 
generated chemically from DNA synthesizers. 

RNA probes may be generated by inserting the DNA molecule 
which encodes the polypeptides of this invention downstream 
of a bacteriophage promoter such as T3 , T7 , or SP6 . Large 
amounts of RNA probe may be produced by incubating the 
labeled nucleotides with the linearized fragment where it 
contains .an upstream promoter in the presence of the 
appropriate RNA polymerase. 

This invention provides an antisense oligonucleotide having 
a sequence capable of specifically hybridizing to RNA 
encoding a mammalian fb41a receptor, so as to prevent 
translation of the RNA. This invention also provides an 
antisense oligonucleotide having a sequence capable of 
specifically hybridizing to genomic DNA encoding a mammalian 
fb41a receptor. In one embodiment, the oligonucleotide 
comprises chemically modified nucleotides or nucleotide 
analogues . 
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Th is invention provides an antibody capable of binding to a 
mammalian fb41a receptor encoded by a nucleic acid encoding 
a mammalian fb41a receptor. In one embodiment, the mammalian 
5 fb41a receptor is a human fb41a receptor. This invention 
also provides an agent capable of competitively inhibiting 
the binding of the antibody to a mammalian- fb41a receptor. 
In one embodiment the antibody is a monoclonal ■• antibody or 
antisera. 

10 . 

This invention' ' provides a pharmaceutical composition 
comprising (a) an amount of the oligonucleotide capable of 
passing through a cell membrane and effective to reduce 
expression of a mammalian fb41a receptor and (b) a 

15 pharmaceutical^ acceptable carrier capable of passing 
through - the cell membrane. In an embodiment, the 

oligonucleotide is' coupled to a substance which inactivates 
mRNA. In a further embodiment, the substance which 

inactivates mRNA is a ribozyme. In another embodiment, the 

20 pharmaceutical^ acceptable carrier comprises a structure 
which binds to a mammalian fb41a receptor on a cell capable 
of being taken up by the cells after binding to the 
structure. In a further embodiment, the pharmaceut ically 
acceptable carrier is capable of binding to a mammalian fb41a 

25 receptor which is -specific for a selected cell type. 

This invention provides a pharmaceutical composition which 
comprises an amount of an- antibody effective to block binding 
of a ligand to a human fb41a receptor and a pharmaceut ically 
30 acceptable carrier". ■ 

As used herein, the phrase pharmaceut ically acceptable 
carrier means any of the standard pharmaceut ically acceptable 
carriers- Examples include, but are not limited to, 
35 phosphate buffered saline, physiological saline, water, and 
emulsions, such as oil/water emulsions. 

This invention provides a transgenic; nonhuman mammal 
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expressing DNA encoding a mammalian fb41a receptor. This 
invention also provides a transgenic, nonhuman mammal 
comprising a homologous recombination knockout of the native 
mammalian fb41a receptor. This invention further provides 
a transgenic, nonhuman mammal whose genome comprises 
antisense DNA complementary to the DNA encoding a mammalian 
fb41a receptor so placed within the genome as to be 
transcribed into antisense mRNA which is complementary to 
mRNA encoding the mammalian fb41a receptor and which 
hybridizes to mRNA encoding " the mammalian fb41a receptor, 
thereby reducing its translation. In an embodiment, the DNA 
encoding the mammalian fb41a receptor additionally comprises 
an inducible promoter. In another embodiment, the DNA 
encoding the mammalian fb41a receptor additionally comprises 
tissue specific regulatory elements. In a further 

embodiment, the transgenic, nonhuman mammal is a mouse. 

Animal model systems which elucidate the physiological and 
behavioral roles of the polypeptides of this invention are 
produced by creating transgenic, animals in which the activity 
of the polypeptide is either increased or decreased, or the 
amino acid sequence of the expressed polypeptide is altered, 
by a variety of techniques. Examples of these techniques 
include, but are .not limited to: 1) Insertion of normal or 
mutant versions : of DNA encoding the polypeptide, by 
microinjection, .electroporation, retroviral transfection or 
other means well known to those in the art, into appropriate 
fertilized embryos in order to produce a transgenic animal 
or 2) Homologous recombination of mutant or normal, human or 
animal versions of these genes with the native gene locus in 
transgenic animals to alter the regulation of expression or 
the structure of these polypeptide sequences. The technique 
of homologous recombination is well known in the art. It 
replaces the native gene with the inserted gene and so.. is 
useful for producing an animal that cannot express native 
polypeptides but does express, for example, an inserted 
mutant polypeptide, which has replaced the native polypeptide 
in the animal's genome by recombination, resulting in 
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underexpression of the" transporter. Microinjection adds 
genes to the genome, but does, not remove them, and so is 
useful for producing an animal which expresses its own and 
added polypeptides, resulting in overexpression of the 
5 polypeptides. 

One means available for producing a transgenic animal-, with 
a mouse as an example, is as follows: Female mice are mated, 
and the resulting fertilized eggs are dissected out of their 

10 oviducts. The eggs are stored in an appropriate medium such 
as M2 medium. DNA or. cDNA encoding a polypeptide of this 
invention is purified from a vector by methods well known in 
the art. Inducible promoters may be fused with the coding 
region of the DNA to provide an experimental means to 

15 regulate expression of the trans-gene. Alternatively, or in 
addition, tissue specific regulatory elements may be fused 
with the coding region to permit tissue-specific expression 
of the trans-gene. The DNA, in an appropriately buffered 
solution, is put into a microinjection needle (which may be 

20 made from capillary tubing using a pipet puller) and the egg 
to be injected is put in a depression slide. The needle is 
inserted into the pronucleus of the egg, and the DNA solution 
is injected. The injected egg is then transferred into the 
oviduct of a pseudopregnant mouse ( a mouse stimulated by the 

25 appropriate hormones to maintain pregnancy but which is not 
actually, pregnant ), where it proceeds to the uterus, 
implants, and develops to term. As noted above, 

' microinjection is not the only method for inserting DNA into 
the egg cell, and is used here only for exemplary purposes. 

30 ' ■ ■ 

This invention provides^ a process for identifying a chemical 
compound which specifically' binds to a mammalian fb41a 
receptor which comprises contacting cells containing DNA 
encoding and expressing on their cell surface the mammalian 

35 fb4 1a receptor, wherein such cells do not normally express 
the mammalian fb41a receptor, with the compound under 
conditions .suitable for binding, and detecting specific 
binding of the chemical compound to the mammalian fb41a 
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receptor. This invention also provides a process for 
identifying a chemical compound which specifically binds to 
a mammalian fb41a receptor which comprises contacting a 
membrane fraction from a cell extract of cells containing DMA 
encoding and expressing on their cell surface the mammalian 
fb41a receptor, wherein such cells do not normally express 
the mammalian fb41a receptor, with the compound under 
conditions' suitable for binding, and detecting specific 
binding of the chemical compound to the mammalian fb41a 
receptor. In one embodiment, the mammalian fb41a receptor 
is a human fb41a receptor. In another embodiment, the 
mammalian fb41a receptor has substantially the same amino 
acid sequence as the mammalian fb41a receptor encoded by 
plasmid FB41a (ATCC Accession No. 209449) . In a further 
embodiment, the mammalian fb41a receptor has - substantially 
the same amino acid sequence as that shown in Figure 2A-2C 
(Seq. I.D. No. 2). In another embodiment, the mammalian 
fb41a receptor has the amino, acid sequence shown in Figure 
2A-2C (Seq. I.D. No. 2) . In one embodiment, the compound is ' 
not previously- known to bind to a mammalian fb41a receptor. 
This invention further provides a compound identified by the 
above-described process. 

In one embodiment of the above -described processes, the cell 
is an insect cell? In another embodiment, the cell "is a 
mammalian cell. In a further embodiment, the cell is ■ 
nonneuronal in origin. In a further embodiment, the 
nonneuronal cell is a COS -7 cell, 2 93 human embryonic kidney ■ 
cell, a CHO cell, a NIH-3T3 cell, a mouse Yl cell, or a 
LM(tk-) cell.. In an embodiment, the compound is a compound 
not previously known to bind to a mammalian fb41a receptor. 
This invention also provides a compound identified by the 
above -described process. 

This invention provides a process involving competitive 
binding for identifying a chemical compound which 
specifically binds to a mammalian fb41a receptor which 
comprises separately contacting cells expressing on their 
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cell surface the mammalian fb41a receptor, wherein such cells 
do not normally express the mammalian fb41a receptor, with 
both the chemical compound and a second chemical compound 
known to bind to the receptor, and with only the second 
chemical compound, under conditions suitable for binding of 
both compounds, and detecting specific binding of the 
chemical compound to the mammalian fb41a receptor, a decrease 
in .the binding of the second chemical compound to the 
mammalian fb41a receptor in the presence of the chemical 
compound indicating that the chemical compound binds to the 
mammalian fb41a receptor. 

This invention also provides a process involving competitive 
binding for identifying a chemical compound which 
specifically binds to a mammalian fb41a receptor which 
comprises separately contacting a membrane fraction from a 
cell extract of cells expressing on their cell surface the 
mammalian fb41a receptor, wherein such cells do not normally 
express the mammalian fb41a receptor, with both the chemical 
compound and a second chemical compound known to bind to the 
receptor, and with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting specific binding of the chemical compound to the 
mammalian fb41a receptor, a decrease in the binding of the 
second chemical compound to the mammalian fb41a receptor in 
■ the presence of the chemical compound indicating that the 
chemical compound binds to the mammalian fb41a receptor: 

In one embodiment, the mammalian fb41a receptor is a human 
fb41a receptor. In another embodiment, the human fb41a 
receptor has substantially the same amino acid sequence as 
the human fb41a receptor encoded by plasmid FB4 la (ATCC 
Accession No. 209449) . In a further embodiment, the 
mammalian fb41a receptor has substantially the same amino 
acid sequence as that shown in Figure 2A-2C (Seq. I.D. No. 
2) . In another embodiment, the mammalian fb41a receptor has 
the amino acid sequence shown in Figure 2A-2C (Seq. I.D. No. 
2) . 
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In one embodiment, the cell is an insect cell. In another 
embodiment, the cell is a mammalian cell. In a further 
embodiment, the cell is nonneuronal in origin. In another 
embodiment, the nonneuronal cell is a COS-7 cell, 293 human 
embryonic kidney cell, a CHO cell, a NIH-3T3 cell, a mouse 
Yl cell, or a LM(tk-) cell. In one embodiment, the compound 
is not previously known to bind to a mammalian fb41a 
receptor. 

This invention provides a compound identified by the above- 
described process . 

This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian fb41a 
receptor to identify a compound which specifically binds to 
the mammalian fb41a receptor, which comprises (a) contacting 
cells transfected with and expressing DNA encoding the 
mammalian fb41a receptor with a compound known to bind 
specifically to the mammalian fb41a receptor; (b) contacting 
the preparation of step (a) with the plurality of compounds 
not known to bind specifically to the mammalian fb41a 
receptor, under conditions permitting binding of compounds 
known to bind the mammalian fb41a receptor ; (c) determining 
whether the binding of the compound known to bind to the 
mammalian fb41a receptor is reduced in the presence of the 
compounds within the plurality of .compounds , . relative to the 
binding of the compound in the absence of the plurality of 
compounds; and if so (d) separately determining the binding 
to the mammalian fb41a receptor of compounds included in the 
plurality of compounds, so as to thereby identify., the. 
compound which specifically binds to the mammalian fb41a 
receptor . 

This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian fb41a 
receptor to identify a compound which specifically binds to 
the mammalian fb41a receptor, which comprises (a) preparing 
a cell extract from cells transfected with and expressing DNA 
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encoding the mammalian fb41a receptor, isolating a membrane 
fraction from the cell extract, contacting the membrane 
fraction with a compound known to bind specifically to the 
mammalian fb41a receptor; (b) contacting the preparation of 
step (a) with the plurality of compounds not known to bind 
specifically to the mammalian fb41a receptor, under 
conditions- permitting binding of compounds known to bind the 
mammalian fb41a receptor; (c) determining whether • the binding 
of the compound known to bind to the mammalian fb41a receptor, 
is reduced in the presence of the compounds within the 
plurality of compounds, relative to the binding of the 
compound in the absence of the plurality of compounds; and 
if so (d) separately . determining the binding to the 
mammalian fb41a receptor of compounds included in the 
plurality of compounds, so as to thereby identify the 
compound which specifically binds to the mammalian fb41a 
receptor. 

In one embodiment of the above-described methods, .the 
mammalian fb41a receptor is a human fb41a receptor. In 
another embodiment, the cell is a mammalian cell. • In a 
further embodiment, the mammalian cell is non-neuronal in 
origin. In another embodiment, the non-neuronal cell is a 
COS-7 cell, a 293 human embryonic kidney cell, a LM(tk-) 
cell, a CHO cell, a mouse Yl cell, or an NIH-3T3 cell. 

This invention also provides a method of detecting expression 
of a mammalian fb41a receptor by detecting the presence of 
mRNA coding for the mammalian fb41a receptor which comprises 
obtaining total mRNA from the cell and contacting the mRNA 
so obtained from a nucleic acid _ probe under hybridizing 
conditions, detecting the presence of mRNA hybridizing to the 
probe, and thereby detecting the expression of the mammalian 
fb41a receptor by the cell. 

This invention further provides a method of detecting the 
presence of a mammalian fb41a receptor on the' surface" of a 
cell which comprises contacting the cell with an antibody 
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under conditions permitting binding of the antibody to the 
receptor, detecting the presence of the antibody bound to the 
cell, and thereby detecting the presence of the mammalian 
fb41a receptor on the surface of the cell. 

This invention provides a method of determining the 
physiological effects of varying levels of activity of 
mammalian fb41a receptors which comprises 'producing a 
transgenic, nonhuman mammal whose levels of mammalian fb41a 
receptor activity are varied by use of an inducible promoter 
which regulates mammalian fb41a receptor expression. 

This invention also provides a method of determining the 
physiological effects of varying levels of activity of 
mammalian fb41a receptors which comprises producing a panel 
of transgenic, nonhuman mammals each expressing a different 
amount of mammalian fb41a receptor. 



20 This invention provides a' method for identifying an 
antagonist capable of alleviating an abnormality wherein the 
abnormality is alleviated by decreasing the activity of a 
mammalian fb41a receptor comprising administering a compound 
to a transgenic, nonhuman mammal, and determining whether the 
25 compound alleviates the physical and behavioral abnormalities 
displayed by the transgenic, nonhuman mammal as a result of 
overactivity of a mammalian fb41a receptor, the alleviation 
. of the abnormality identifying the compound as an antagonist. 
This invention also provides an antagonist identified by the 
30 above -described method. This invention further provides a 
pharmaceutical composition comprising an antagonist 
identified by the above-described method and a 
pharmaceutical ly acceptable carrier. This invention provides 
a method of treating an abnormality in a subject wherein the 
abnormality is alleviated by decreasing the activity of a 
mammalian fb4-la receptor which comprises administering to the 
subject an effective amount of this pharmaceutical 
composition, thereby, treating the abnormality. 
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This invention provides a method for identifying an agonist 
capable of alleviating an abnormality in a subject wherein 
the abnormality is alleviated by increasing the activity of 
a mammalian fb41a receptor comprising administering a 
compound to transgenic, nonhuman mammal, and determining 
whether the compound alleviates the physical and behavioral 
abnormalities displayed by the transgenic, nonhuman mammal, 
the. alleviation of the abnormality identifying the compound 
as an agonist. This invention also provides an agonist 
identified by the above-described method. This invention 
further provides a pharmaceutical composition comprising an 
agonist identified by the above-described method and a 
pharmaceutical^ acceptable carrier. This invention further 
provides a method of treating an abnormality in a subject 
wherein the .abnormality is alleviated by increasing. the 
activity of a mammalian fb41a receptor which comprises 
administering to the subject an. effective amount of this 
pharmaceutical composition, thereby treating the abnormality. 



This invention provides a method for diagnosing a 
predisposition to a disorder associated with the activity of 
a specific mammalian allele which comprises : (a) obtaining 
DNA of subjects suffering from the disorder; (b) performing 
a restriction digest of the DNA with a panel of restriction 
25 enzymes; (c) electrophoret ically separating the resulting DNA " 
fragments, on a sizing gel; (d) contacting the resulting gel 
with a nucleic acid probe capable of specifically hybridizing 
with a unique sequence included within the sequence of a 
nucleic acid molecule encoding a mammalian fb41a receptor and 
labeled with a detectable marker;, (e) detecting labeled bands 
which have hybridized to the DNA encoding a mammalian fb41a 
receptor labeled with a detectable marker to create a unique 
band pattern specific to the DNA of subjects suffering from 
the disorder; (f) preparing DNA obtained for diagnosis by 
steps (a) -(e); and (g) comparing the unique band pattern • 
specific to the DNA of subjects suffering from the disorder 
from step (e) and the DNA obtained for diagnosis from step 
(f) co determine whether the patterns are the same or 
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different and to diagnose thereby predisposition to the 
disorder if the patterns are the same. In one embodiment, 
a disorder associated with the activity of a specific 
mammalian allele is diagnosed. 

This invention provides a method of preparing the purified 
mammalian fb41a receptor which comprises: (a) inducing cells 
to -express the mammalian fb41a receptor; (b) recovering the 
mammalian fb41a receptor from the induced cells; and (c) 
purifying the mammalian fb41a receptor so recovered. 

This invention provides a method of preparing the purified 
mammalian fb41a receptor which comprises: (a) inserting 
nucleic acid encoding the- mammalian fb41a receptor in a 
suitable vector; (b) introducing the resulting vector in a 
suitable host cell; (c) placing the resulting cell in 
suitable, condition permitting the production of the isolated 
mammalian fb41a receptor; (d) recovering the mammalian fb41a 
receptor produced by the resulting cell; and (e) purifying 
the mammalian fb41a receptor so recovered. 

This invention provides a process for determining whether a 
chemical compound is a mammalian fb41a receptor agonist which 
comprises contacting cells transfected with and expressing 
DMA encoding the mammalian fb41a receptor with the compound 
under conditions permitting the activation of the mammalian 
fb41a receptor, and detecting an increase in mammalian fb41a 
receptor activity, so as to thereby determine whether the 
compound is a mammalian fb41a receptor agonist. This 
invention also provides a process for determining whether a 
chemical compound is a mammalian fb41a receptor antagonist 
which comprises contacting cells transfected with and 
expressing DNA encoding the mammalian fb41a receptor with the 
compound in the presence of a known mammalian fb41a receptor 
agonist, under conditions permitting the activation of the 
mammalian fb41a receptor, and detecting a decrease in 
mammalian fb41a receptor activity, so as to thereby determine 
whether the compound is a mammalian fb41a receptor 
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antagonist. In one embodiment, the mammalian fb41a receptor 
is a human fb41a receptor. 

This invention further provides a pharmaceutical composition 
which comprises an amount of a mammalian fb41a receptor 
agonist determined by the above-described process effective 
to increase activity of a mammalian fb41a receptor and a 
pharmaceutically acceptable carrier. In one embodiment, the 
mammalian fb41a receptor agonist is not previously known. 

This invention provides a pharmaceutical composition which 
comprises an amount of a mammalian fb41a receptor antagonist 
determined by the above-described process effective to 
reduce activity of a mammalian fb41a receptor and a 
pharmaceutically acceptable carrier. In one embodiment, the 
mammalian fb4la receptor antagonist is not previously known. 

This invention provides a process for determining whether a 
chemical compound specifically binds to and activates a 
mammalian fb41a receptor, which comprises contacting cells 
producing a second messenger response and expressing on their 
cell surface the mammalian fb41a receptor, wherein such cells 
do not normally express the mammalian fb41a receptor, with 
the chemical compound under conditions suitable for 
activation of the mammalian fb41a receptor, and measuring the 
second messenger response in the presence and in the absence 
of the chemical compound, a change in the second messenger 
response in the presence of the chemical compound indicating 
that the compound activates the mammalian fb41a. receptor. 
In one embodiment, the second messenger response comprises 
chloride channel activation and the change in second 
messenger is an increase in the level of inward chloride 
current . 

This inversion also provides a process for determining 
whether . a chemical compound specifically binds to and 
inhibits aczivation of a mammalian fb41a receptor, which 
comprises separately contacting cells producing a second 
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messenger response and expressing on their cell surface the 
mammalian fb41a receptor, wherein such cells do not normally 
express the mammalian fb41a receptor, with both the chemical 
compound and a second chemical compound known to activate the 
mammalian fb41a receptor, and with only the second chemical 
compound, under conditions suitable for activation of the 
mammalian fb41a receptor, and measuring the second messenger 
response in the presence of only the second chemical compound 
and in the presence of both the second chemical compound and 
the chemical compound, a smaller change in the second 
messenger response in the presence of both the chemical 
compound and the second chemical compound than in the 
presence of only. the second chemical compound indicating that 
the chemical compound inhibits activation of the mammalian 
fb41a receptor. In one embodiment, the second messenger 
response comprises .chloride channel activation and the change 
in second messenger response is a smaller increase in the 
level of inward chloride current in the presence of both the 
chemical compound and the second chemical compound than in 
the presence of only the second chemical compound. 

In one embodiment of the above-described processes, the 
mammalian fb41a receptor is a human fb41a receptor. In 
another embodiment, the human fb41a receptor- has 
substantially the same amino acid sequence as encoded by the 
plasmid FB4 la (ATCC Accession No. 209449)-. In a further 
embodiment, the human fb41a receptor has substantially the 
same amino acid sequence as that shown in Figure 2A-2C (Seq. 
I.D. No. 2). In another embodiment, the human fb41a receptor 
has an amino acid sequence identical to the amino acid 
sequence shown in Figure 2A-2C (Seq. I.D. No. 2). In an 
embodiment, the cell is an insect cell. In a further 
embodiment, the cell is a mammalian cell. In a still further 
embodiment, the mammalian cell is nonneuronal in origin. In 
another embodiment, the nonneuronal cell is a COS -7 cell, CHO 
cell, 293 human embryonic kidney" cell, NIH-3T3 cell or LM(tk- 
) cell. In an embodiment, the compound is not previously 
known to bind to a mammalian fb41a receptor. This invention 
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als'o provides a compound determined by the above-described 
processes . 

This invention also provides a pharmaceutical composition' 
which comprises an amount of a mammalian fb41a receptor 
agonist determined by the above -described processes effective 
to increase activity of a mammalian fb41a receptor and a 
pharmaceutical ly acceptable carrier. In one embodiment, the 
mammalian fb41a receptor agonist is not previously known. 

This invention further - provides a pharmaceutical composition 
which comprises an amount . of a mammalian fb41a receptor 
antagonist determined by the above-described processes 
effective to reduce activity of a mammalian fb41a receptor 
and a pharmaceutical^ acceptable carrier. In one 

embodiment, the mammalian fb41a receptor antagonist is not 
previously known. 

This invention provides a method of screening a plurality of 
chemical compounds not known to activate a mammalian fb41a 
receptor to identify a compound which activates the mammalian 
fb41a receptor which comprises: ' (a) contacting cells 
transfected with and expressing the mammalian fb41a receptor 
with the plurality of compounds not known to activate the 
25 • mammalian fb41a -receptor, under conditions, permitting 
activation of the mammalian fb41a receptor; (b) determining, 
whether the activity of the mammalian fb41a receptor is . 
increased in the presence of the compounds; and if so (c) 
separately determining whether the activation of the 
mammalian fb41a receptor is increased by each compound 
■ included in the plurality of compounds, so as to thereby 
identify the compound which activates the mammalian fb41a 
receptor. In one embodiment, the mammalian fb41a receptor 
is a human fb41a~ receptor. 

This invention provides a method of screening a plurality of 
chemical compounds not known to inhibit the activation of a 
mammalian fb41a receptor to identify a compound which 
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inhibits the activation of the mammalian fb41a receptor, 
which comprises: (a) contacting cells transfected with and 
expressing the mammalian fb41a receptor with the plurality 
of compounds in the presence of a known mammalian fb41a 
receptor agonist, under conditions permitting activation of 
the mammalian fb41a receptor; (b) determining whether the 
activation of the mammalian fb41a receptor is reduced in the 
presence of the plurality of compounds, relative to the 
activation of the mammalian fb41a receptor in the absence of 
the plurality of compounds; and if so (c) separately 
determining the inhibition of activation of the mammalian 
fb41a receptor for each compound included in the plurality 
of compounds, so as to thereby identify the compound which 
inhibits the activation of the mammalian fb41a receptor. In 
one embodiment, the mammalian fb41a receptor is a human fb41a 
receptor. 

In one embodiment of the above -described methods, the cell 
is a mammalian cell. In another embodiment, the mammalian 
cell is non-neuronal in origin. In a further embodiment, the 
non-neuronal cell is a COS- 7 cell, a 2 93 human embryonic 
kidney, cell, a LM(tk-) cell or an NIH-3T3 cell. 

This invention provides a pharmaceutical composition 
comprising, a compound identified by the above-described 
methods effective to increase mammalian fb41a receptor 
activity and a pharmaceut ically acceptable carrier. 

This invention also provides a pharmaceutical composition 
comprising a compound identified by the above-described - 
methods effective to decrease mammalian. fb41a ' receptor 
activity and a pharmaceutically acceptable carrier. 

This invention further provides a method of measuring 
polypeptide activation in an oocyte expression system such 
as a Xenopus oocyte expression system or melanophore. In an 
embodiment, polypeptide activation is determined by 
measurement: -of ion channel activity. In another embodiment, 
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polypeptide activation is measured by .aequerin luminescence. 



Expression of genes .in Xenopus oocytes is well known in the 
art (Coleman, A., v 1984; Masu, Y.,et al. ( 1994) and is 
performed using microinjection of native mRNA or in vitro 
synthesized mRNA into frog oocytes. The preparation of in 
vitro synthesized mRNA can be performed by various standard 
techniques (Sambrook, et al . 1989) including using T7 
polymerase with the mCAP RNA mapping kit (Stratagene) . 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by- 
increasing the activity of a mammalian fb41a receptor which 
comprises administering to the subject an amount of a 
compound which is a mammalian fb41a receptor agonist 
effective to treat the abnormality. In separate embodiments, 
the abnormality is a regulation of a steroid hormone 
disorder, an epinephrine release disorder, a gastrointestinal 
disorder, a cardiovascular disorder, an electrolyte balance 
disorder, hypertension, diabetes, a respiratory disorder, 
asthma, a reproductive function disorder, an immune disorder, 
an endocrine disorder, a musculoskeletal disorder, a visceral 
innervation disorder, a neuroendocrine disorder, a cognitive 
disorder,, a memory disorder, a sensory modulation and 
transmission disorder, a motor coordination disorder, a 
sensory integration disorder, a motor integration disorder, 
a dopaminergic function disorder, an appetite disorder, 
obesity, a sensory transmission disorder, an olfaction 
disorder, a sympathetic innervation disorder, or migraine. 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 
decreasing the activity of a mammalian fb41a receptor which 
comprises administering to the subject an amount of a 
compound which is a mammalian fb41a receptor antagonist 
effective zc treat the abnormality. In separate embodiments, 
the abnormality is a regulation of a steroid hormone 
disorder, an epinephrine release disorder, a gastrointestinal 
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disorder, a cardiovascular disorder, an electrolyte balance 
disorder, hypertension, diabetes, a respiratory disorder, 
asthma, a reproductive function disorder, an immune disorder, 
an endocrine disorder, a musculoskeletal disorder, a visceral 
innervation disorder, a neuroendocrine disorder, a cognitive 
disorder, a memory disorder, a sensory modulation and 
transmission disorder,, a motor coordination disorder, a 
sensory integration disorder, a motor integration disorder, 
a dopaminergic function disorder, an appetite disorder, 
obesity, a sensory transmission disorder, an olfaction 
disorder, a sympathetic innervation disorder or migraine. 

This invention also provides the use of mammalian fb41a 
receptors for analgesia. 

This invention will be better understood from the 
Experimental Details which follow. However, one skilled in 
the art will readily appreciate that the specific methods and 
results discussed are merely illustrative of the invention 
as described more fully . in the claims which follow 
thereafter. 
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EXPERIMENTAL DETAILS 
Materials and methods 

Cloning and sequencing of a novel human G p rotein-coupled 
receptor (fb41a) 

A' human placental genomic phage library (2.3 x 10° total 
recombinants; Stratagene, LaJolla, CA) was screened using 
transmembrane (TM) oligonucleotide probes derived from a new 
human NPY clone hp25a, later known as human NPY4 (Bard, et 
al . , 1997). Each probe consisted of overlapping oligomers 
labeled with [ 32 P]dATP using the Klenow fragment of DNA 
polymerase. The following oligomers were used: 

TMI : 

hi 4 2 8 : 5 ' - TGATGGTCTTCATCGTCACTTCCTACAG'CATTGAGACTGT 

CGTGGGGGTC-3' (SEQ ID NO. 5) 
hi 4 2 9 : 5 ' -CAGTCACACACATCAGGCAGAGGTTACCCAGGACCCCCACGA 

CAGTCTCAA- 3 1 (SEQ ID NO. 6) . 

TMI I: 

hl4 24 : 5 ' - ACCTGCTTATCGCCAACCTGGCCTTCTCTGACTTCCTCATG 

TGCC-3 » - (SEQ ID NO. 7) 
hl42 5 : 5 1 -ACGGCGGTCAGCGGCTGGCAGAGGAGGCACATGAGGAAGTCA GAG- 

3 1 (SEQ. ID NO. 8)" 

TMI II: 

hl448: 5 1 -CGGAATTCTCCACTCTGGATCATGTATCATGAC-3 * (SEQ ID NO. 
9) 

hl44 9": 5 1 -GGTCTCTCTGGCCTCTCAGCAAGCTTCAGGGCTTCATGC-3 1 (SEQ 
ID NO. 10) 

TMIV: 

hl42 6 : 5 ' -GGCCTACCTGGGGATTGTGCTCTGGGTCATTGCCTGTGTC 

CT-3 ' (SEQ ID NO. 11) 
hi 4 2 7 : 5 1 -GCTGTTGGCCAGGAAGGGCAGGGAGAGGACACAGGCAATGAC 

CCA- 3 ' (SEQ ID NO. 12) 
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ms4 5 0 : 5 » -ACCATCTACACCACCTTCCTGCTCCTCTTCCAGTACTGCCTC CCA- 
3 ' (SEQ ID NO. 13) 

ms4 51 : 5 * -CATAACAGACCAGGATGAAGCCCAGTGGGAGGCAGTACTGGA AGA- 
3 ' (SEQ ID NO. 14) 

TMVI : 

hl417 : 5 ' -AATGTGGTGCTGGTGGTGATGGTGGTGGCCTTTGCCGTGCTC TGG- 
3 ' (SEQ ID NO. 15) 

hi 4 1 8. : 5 1 - GGCTGTTGAACCATGCAGAGGCAGCCAGAGCACGGCAAAGG CCA - 3 1 
(SEQ ID NO. 16) 

TMVI I: 

hl419 : 5 » - TCATCTTCTTAGTGTGCCACTTGCTTGCCATGCCTCCACCTG CG- 
3 1 (SEQ ID NO. 17) 

hl42 0 : 5 » -AGAAAGCCATAGATGAATGGGTTGACGCAGGTGGAGGCCATG GCA- 
3 ' (SEQ ID NO. 18) 

Hybridization of nitrocellulose filter overlays of the plates 
was performed at medium stringency: 40°C in a solution 
containing 37.5% formamide, 5X SSC (IX SSC in 0 . 15M sodium 
chloride, 0.015M sodium citrate) , IX Denhardt ' s solution 
(0.02% polyvinylpyrrolidone, 0.02% FicolT, 0.02% BSA) , 7mM 
Tris, 7% SDS^and 25 /xg/ml sonicated salmon sperm DNA. The 
filters were washed at 45°C in 0 . IX SSC containing 0.5% SDS 
and exposed at -70°C to Kodak XAR film in the presence of an 
intensifying screen. 

A positive signal on plate 26 was- isolated on a tertiary 
plating and labeled clone igm2 6a. A 1.6 kb fragment from a 
PstI digest was identified by southern blot analysis, and 
subcloned into pUC and used to transform E.coli XL1 cells. 
Sequencing cf the clone was by the Sanger dideoxy method 
using Seguenase (U.S. Biochemicals Corp.). • 

A 45-nuclec-ide oligomer was designed from the NH-, end of 
clone igm26a and labeled with "P-ATP using polynucleotide 
kinase. This probe .was used to screen a human fetal brain 
cDNA library (Clonetech) plated out as above. Hybridization 
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. of the filter overlays was at high stringency: 40°C in a 
solution containing 50% formamide, 5X SSC (IX SSC in 0.15M 
sodium chloride, 0.015M sodium citrate), IX Denhardt ' s 
solution (0.02% polyvinylpyrrolindone , 0.02% Focoll, 0.02% 
5 BSA) , 7mM Tris, 7% SDS and 25/xg/ml sonicated salmon sperm 
DNA. The filters were washed at 50°C in 0 . IX SSC containing 
0.5% SDS and exposed at -70°C to Kodak XAR film in the 
presence of an intensifying screen. 

10 A positive signal on plate 41 was isolated on a tertiary 
plating and labeled clone fb41a. Both a 0 . 8 kb fragment and 
a 0.7 kb fragment from an EcoRI digest were identified by 
southern blot analysis. The fragments were subcloned into 
separate pUC vectors and used to transform E.coli XL1 cells. 

15 Both preparations were sequenced as described above. 

The 0 . 7 kb subclone was digested with EcoRI and Spel yielding 
a new 0 . 6kb fragment. To- obtain full-length clone, this new 
fragment was subcloned together with the 0.8 kb EcoRI 
20 fragment into the expression vector pEXJ. DNA was prepared 
from this new construct of fb41a, called JB719, and was 
sequenced on both strands. 

Isolation of a Fragment of the Rat Homoloaue of JB719 
25 To obtain a fragment of the rat homologue of JB719, rat 
genomic DNA (Clonetech) was amplified with a forward PCR 
primer corresponding to TMI of JB719 (BB559) and a reverse 
primer corresponding' to TMI 1 1 of JB719 (BB560) . PCR was 
performed with the Expand Long Template PCR System (Boeringer 
30. Mannheim) under the following conditions: 30 sec at 94 : 'C, 1.5 
min at 50 : C, 1.5 min at 68°C for 40 cycles, with a pre- and 
post- incubation of 5 min at 94 f 'C and 7 min at 68°C, 
respectively. A 300 base pair band was isolated, subcloned 
using the TA cloning kit (Invitrogen) , and sequenced using 
35 the AVI BigDye cycle sequencing protocol (Perkin Elmer) . The 
sequence was run and analyzed on an ABI PRISM 3 77 BigDye 
Terminator Cycle Sequencing Kit Sequencer. ' Forward ' and 
reverse PCR primers (BB575, also incorporating an EcoRI 



JSDOCID: <WO 0034334A1 JA> 



WO 00/34334 PCT/US99/29268 

-47- 

restriction site, and BB576, also incorporating a BamHI 
restriction site) were designed - against this sequence and 
used to amplify a band from rat genomic DNA using the 
following conditions: 30 sec at 94°C, 1.5 min at 68 : C for 35 
cycles, with a pre- and post -incubation of 5 min at 94°C and 
5 min at 68°C, respectively. The PCR product was digested 
with EcoRI .and BamHI, and a 259 base-pair fragment was gel- 
purified and ligated into pGEM. Miniprep cultures were 
prepared for two transf ormants , fb41a-la and fb41a-lb, and 
both were sequenced as above. Fb41a-ia was renamed pGEM- 
rfb41a-p. ' 

Primers used 

BB559: 5 » - GCCAAGATTGTCATTGGGATGGC - 3 * (SEQ. ID NO . 19) 
BB560: 5 1 -CTGTCAATGGCGATGGCCAGCAG- 3 1 (SEQ. ID NO. 20) 
BB575: 5 ' -AGTACTGAATTCTTTGGTGGGCATCATGCTGGTGTG-3 1 

(SEQ. ID NO. 21) 
BB5 7 6 : 5 ' - ATGTCAGGATCCGGCGTTAGTGGACACGTAGAGGGAG - 3 1 
(SEQ. ID NO. 22) 

The plasmid pGEM-rf b41a-p was deposited on November 11, 1998, 
with the American Type Culture Collection . (ATCC) , 10801 
University Blvd., Manassas, Virginia, U.S.A. under the 
provisions of the^ Budapest Treaty for the International 
Recognition of the Deposit of Microorganisms for the Purposes - 
of Patent Procedure and was accorded ATCC Accession No. 
203460. 

Isolation of the full-length rat fb41a receptor gene 
Fb4 1 a - pGEM - r is a partial rat fb41a clone. It is anticipated 
that a molecular biologist skilled in the art may isolate the 
full-length version of the rat fb41a receptor gene using 
standard molecular biology techniques and approaches such as 
those briefly described below: 



Approach #1: -One could use primers designed against the rat 
fb41a fragment sequence to screen in-house rat cDNA plasmid 
libraries. Alternatively, one could use a :i P-labeled 
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oligonucleotide probe designed against the rat fb41a fragment 
sequence to screen commercial rat phage cDNA libraries. 

Approach #2: Standard molecular biology . techniques may be 
5 used to screen commercial rat genomic libraries, either 
cosmid or phage, with a 32 P-labeled oligonucleotide probe 
designed against the rat fb41a fragment sequence. Using this 
approach one would obtain the sequence for the .entire coding 
region of rat fb41a receptor as well as any introns contained 
10 within this region. One could then design a forward primer 
5' of the initiating methionine and a reverse primer 3 ! of 
the stop codon. These primers could then be used to amplify 
a full-length intronless rat fb41a gene, using rat cDNA as 
the target template . 

15 * 

Approach #3 : As yet another alternative method, one could 
utilize 5' RACE and 3' RACE to determine the additional 
• sequences of the rat- fb41a receptor. • 5' RACE could be 
performed on rat cDNA using a reverse primer derived from 

20 known sequence of the rat fb41a fragment, and 3* RACE could 
be performed on rat cDNA using a forward primer derived from 
known sequence of the rat fb41a fragment. These RACE 
products would be sequenced to determine the full sequence 
of the rat fb41a receptor. One could then design a forward 

25 primer 5' of the initiating methionine and a reverse primer 
3 1 of the stop codon. These primers could then be sued to 
amplify a full-length intronless rat fb41a gene, using rat 
cDNA as the target template. 

30 Cell culture 

COS-7 cells are grown on 150 mm plates in DMEM with 
supplements (Dulbecco's Modified Eagle Medium with 10% bovine 
calf serum, 4 mM. glutamine , 100 units/ml penicillin/100 fig/ml 
streptomycin) at 37 : 'C, 5% C0 2 . Stock plates of COS-7 cells 

35 are trypsinized and. split 1:6 every 3-4 days. 

Human embryonic kidney 293 cells are grown on 150 mm plates 
in DMEM with supplements (10% bovine calf serum, A mM 
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glutamine, 100 units/ml penicillin/100 /ig/ml streptomycin) 
at 37°C / 5% CO : .. Stock plates of 293 cells are trypsinized 
and split 1:6 every 3-4 days. 

Mouse fibroblast LM(tk-) cells are grown on 150 mm plates in 
D-MEM with supplements (Dulbecco's Modified Eagle Medium with 
10% bovine calf serum, 4 mM glutamine, 100 units/ml 
penicillin/100 /xg/ml streptomycin) at'37°C, 5% CO, . Stock 
plates of LM(tk-0 cells are trypsinized. and split 1:10 every 
3-4 days. 

Chinese hamster ovary (CHO) cells were grown on 150 mm plates 
in HAM's F-12 medium with supplements (10% bovine calf serum, 
4 mM L-glutamine and 100 units/ml penicillin/ 100 ug/ml 
streptomycin) at 37°C, 5% C0 2 . Stock plates of CHO cells are 
trypsinized and split i:8 every 3-4 days. 

Mouse embryonic fibroblast NIH-3T3 cells are grown on 150 mm 
plates in Dulbecco's Modified Eagle Medium (DMEM) with 
supplements (10% bovine calf serum, 4 mM glutamine, 100 
units/ml penicillin/100 //g/ml streptomycin) at 37°C, 5% C02 . 
Stock plates of NIH-3T3 cells are trypsinized and split 1:15 
every 3-4 days. 

Sf9 and Sf21 cells 'are grown in monolayers on 150 mm tissue 
culture dishes in TMN-FH media supplemented with 10% fetal 
calf serum, at 27°C, no C0 2 . High Five insect cells are 
grown on 150 mm- tissue culture dishes in Ex-Cell! 400 7:: medium 
supplemented with L-Glutamine, also at 27°C, no CO : , . 

Transie nt transfection 

Receptors studied may be transiently transfeeted into COS- 7 
cells by the DEAE-dextran method using 1 fig of DNA /10" : cells 
(Cullen, 1937) . In addition, Schneider 2 Drosophila cells 
may be cotransf ected with vectors containing the receptor 
gene under control of a promoter which is active in insect 
cells, and a selectable resistance gene, eg., the G418 
resistant neomycin gene, for expression of the polypeptides 
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disclosed herein. 
.qr-able trans feet ion 

DNA encoding the human receptor disclosed herein may be co- 
5 transfected with a G-418 resistant gene into the human 
embryonic kidney 2 93 cell line by a calcium phosphate 
transfection method (Cullen, 1987) . Stably transfected cells 
are selected with G-418. 

10 Membrane preparations 

LM(tk-) cells stably transfected with the DNA encoding the 
human receptor disclosed herein may be routinely converted 
from an adherent monolayer to a viable suspension. Adherent 
cells are harvested with trypsin at the point of confluence, 

15 ' resuspended in a minimal volume of complete DMEM for a cell 
count, and further diluted to a concentration of 10* cells/ml 
in suspension media (10% bovine calf serum, 10% 10X Medium 
199 (Gibco) , 9 mM NaHC0 3 , 25 mM glucose, 2 mM L-glutamine, 
100 units/ml penicill in/ 10 0 /ig/ml streptomycin, and 0.05% 

20 methyl cellulose) . Cell suspensions are maintained in a 
shaking incubator at 37°C, 5% C0 2 for 24 hours. Membranes 
harvested from cells grown in this manner may be stored as 
large, uniform batches in liquid nitrogen. Alternatively, 
cells may be returned to adherent cell culture in complete 

25 DMEM by distribution into 96-well microtiter plates coated 
with poly-D-lysine (0.01 mg/ml) followed by incubation at 
3 7°C, 5% CO, for 24 hours. 

30 Generati on of baculovirus 

The coding region of DNA encoding the human receptor 
disclosed herein may be subcloned into pBlueBacIII into 
existing restriction sites or sites engineered into sequences 
5' and 3' to the coding region . of the polypeptides. To 

35 generate baculovirus, 0.5 /ig of viral DNA (BaculoGold) and 
3 /ig of DNA construct encoding a polypeptide may be co- 
transfected into 2 x 10 c Spodoptera frugiperda insect Sf9 
cells by the calcium phosphate co-precipi tation method, as 
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out lined in by Pharmingen (in Baculovirus Expression Vector 
System: Procedures and Methods Manual) . The cells then are 
incubated for 5 days at 27°C. 

5 The supernatant of the co-transfection plate may be 
collected by centrif ugation and the recombinant virus plaque 
purified. The procedure to infect cells with virus, to 
prepare stocks of virus and to titer the virus stocks are as 
described in Pharmingen' s manual. 

10 

" Radioligand binding assays 
Cells may be screened for the presence of endogenous human 
receptor using radioligand binding or functional assays 
(described in detail in the following experimental 
15 .description) . Cells with either no or a low level of the 
endogenous human receptor disclosed herein present may be 
transfected with the human receptor. 

Transfected cells from culture flasks are scraped into 5 ml 

20 of Tris-HCl, 5mM EDTA, pH 7.5, and lysed by sonication. The 
cell lysates are centrif uged at 1000 rpm for 5 min. at 4°C, 
and the supernatant is centrifuged at 30,000 x g for 20 min. 
at 4°C. - The pellet is suspended in binding buffer (50 mM 
Tris-HCl, 5 mM MgS0 4 / 1 mM EDTA at pH 7.5 supplemented with 

25 0.1% BSA, 2 /ig/ml ' aprotinin, 0.5 mg/ml leupeptin, and 10 
^g/ml phosphoramidon) . Optimal membrane suspension 

dilutions, defined as the protein concentration required to 
bind less than 10% of the added radioligand, are added to 96- 
well polpropylene microtiter plates containing "H-labeled 

30 compound, unlabeled compounds, and binding buffer to a final 
volume of 250 fil . In equilibrium saturation binding assays 
membrane preparations are incubated in the presence of 
increasing concentrations of [ 3 H] -labeled compound. ' The 
binding affinities of the different compounds are determined 

35 in equilibrium competition binding assays, using [ : "H] -labeled 
compound in .the presence of ten to twelve different 
concentrations of the displacing ligands. Binding reaction 
mixtures are incubated for 1 hr at 30°C, and the reaction 
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stopped by filtration through GF/B filters treated with 0.5% 
polyethyleneimine , using a cell harvester. Radioactivity may 
be measured by scintillation counting and data are analyzed 
by a computerized non-linear regression program. Non- 
5 specific binding is defined as' the amount of radioactivity 
remaining after incubation of membrane protein in the 
presence of unlabeled. Protein concentration may be measured 
by the Bradford method using Bio-Rad Reagent, -with bovine 
serum albumin as a standard. 

10 

Functional assays 

Cells may be screened for the presence of endogenous 
mammalian receptor using radioligand binding or functional 
assays (described in detail in the above or following 
15 experimental description, respectively) . Cells with no or 
a low level of endogenous receptor present may be transfected 
with the mammalian receptor for use in the following 
functional assays . 

20 A wide spectrum of assays can be employed to screen for the 
presence of orphan receptor ligands. These range from 
traditional measurements of phosphatidyl inositol, cAMP, 
Ca ++ , and K + , for example; to systems measuring these same 
second messengers but which have been modified or adapted to 

25 be higher throughput, more generic, and more sensitive; to 
cell based platforms reporting more general cellular events 
resulting from receptor activation such as metabolic changes, 
differentiation, and cell division/proliferation, for 
example; to high' level organism assays which monitor complex 

30 physiological or behavioral changes thought to be involved 
with receptor activation including cardiovascular, analgesic, 
' orexigenic, anxiolytic, and sedation effects, for example. 

Cyclic AMP (cAMP) formation assay 
35 The receptor-mediated inhibition of cyclic AMP (cAMP) 
formation may be assayed in transfected cells expressing the 
mammalian receptors. Cells are plated in 96-well plates and 
incubated in Dulbecco's phosphate ■ buffered saline (PBS) 
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supplemented with 10 mM HEPES, 5mM theophylline, 2 /ig/ml 
aprotinin, 0.5 mg/ml leupeptin, and 10 /ig/ml phosphoramidon 
for 20 min at 37°C, .in 5% C0 2 . Test compounds are added and 
incubated for an additional 10 min at 37°C. The medium is 
then aspirated and the reaction stopped by the addition of 
100 mM HC1 . The plates are stored at 4°C for 15 min, and the 
cAMP content in the stopping solution measured by 
radioimmunoassay. Radioactivity may be quantified using a 
gamma counter equipped with data reduction software. 

Arachidonic acid release assay 

Cells stably transfected with the ' mammalian receptor are 
seeded into 96 well plates and grown for 3 days in HAM' s F-12 
with supplements. 3 H-arachidonic acid (specific activity = 
0.75 /iCi/ml) is delivered as a 100 /iL aliquot to each well 
and samples were incubated at 37° C, 5% C0 2 for 18 hours. The 
labeled cells are washed three times with 200 jjlLi HAM 1 s F-12. 
The wells are then filled with medium (200 jiL) and the assay 
is initiated with the addition of peptides or buffer (22 /xL) . 
Cells are incubated for 30 min at 37°C, 5% C0 2 . " Supernatants 
are transferred to a microtiter plate and evaporated to 
dryness at 75 °C in a vacuum oven. Samples are then dissolved 
and resuspended in 25 jili distilled water. Scintillant (300 
jjiLi) is added to each -well and samples are counted for 3 H in 
a Trilux plate reader. Data are analyzed using nonlinear 
regression and statistical techniques available in the 
GraphPAD Prism package (San Diego, CA) . 

Intracellular calcium mobilization assay 

The intracellular free calcium concentration may be measured 
by mi crospec t rof lourome t ry using the fluorescent indicator 
dye Fura-2/AM (Bush et al, 1991) . Stably transfected cells 
are seeded onto a 35 mm culture dish containing a glass 
coverslip insert. Cells are washed with HBS and loaded with 
100 /iL of Fura-2/AM (10 fiM) for 20 to 40 min. After washing 
with HBS to remove the Fura-2/AM solution, cells are 
equilibrated in HBS for 10 to 20 min. Cells are then 
visualized under the 40X objective of a Leitz Fluovert FS 
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microscope and fluorescence emission is determined at 510 nM 
with excitation wavelengths alternating between 340 nM and 
380 nM. Raw fluorescence, data are converted to calcium 
concentrations using standard calcium concentration curves 
and software analysis techniques. 

Phosohoinositid e metabolism assay 

Cells stably expressing the mammalian receptor cDNA are 
.plated in 96-well plates and grown to confluence. The day 
before the assay the growth medium is changed to 100 fxl of 
medium containing 1% serum and 0.5 fiCi [ 3 H] myo-inositol , and 
the plates are incubated overnight in a CO, incubator (5% C0 2 
at 37°C) . Alternatively, arachidonic acid release may be 
measured if [ 3 H] arachidonic acid is substituted for the- 
[ 3 H] myo-inositol . Immediately before the assay, the- medium 
is removed and replaced by 200 /zL of PBS containing 10 mM 
LiCl, and the cells" are equilibrated with the new medium for 
2 0 min. During this interval cells are also equilibrated 
with the antagonist, added as a 10 /xL aliquot of a 20-fold 
concentrated solution in PBS.- The [ 3 H] inositol -phosphates 
accumulation from inositol phospholipid metabolism may be 
started by adding 10. /iL of a solution containing the agonist. 
To the first well 10 may be added to measure basal 

accumulation, and 11 different concentrations of agonist are 
assayed in the following 11 wells of each plate row. All 
assays are performed in duplicate by repeating the same 
additions in two consecutive plate rows. The plates are 
incubated in a C0 2 incubator for 1 hr . The reaction may be 
terminated by adding 15 /iL of 50% v/v trichloroacetic acid 
(TCA) , followed by a 40 min. incubation at 4 °C. . After, 
neutralizing TCA with 40 /iL of I'M Tris, the content of the 
" wells may be transferred to a Multiscreen HV filter plate 
(Millipore) containing Dowex AG1-X8 (200-400 mesh, formate 
form) . The filter plates are prepared adding 200 /iL of Dowex 
AG1-X8 suspension (50% v/v, water: resin) to each well. The 
filter plates are placed on a vacuum . manifold" to wash or 
elute the resin bed. Each well is washed 2 times with 200 
M L of water, followed by 2 x 200 ^L of 5 mM sodium 
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tetraborate/60 mM ammonium formate. The pHjIPs are eluted 
into empty 96-well plates with 200 /zL of 1.2 M ammonium 
formate/0.1 formic acid. The content of the wells is added 
to 3 ml of scintillation cocktail, and the radioactivity is 
determined by liquid scintillation counting. 

GTPyS functional assay 

Membranes from cells transfected with the mammalian receptors 
are suspended in assay buffer (50 mM Tris, 100 mM NaCl , 5 
mM MgCl 2/ pH 7.4) supplemented with 0.1% BSA, 0.1% bacitracin 
and 10 /iM GDP. Membranes are incubated on ice for 2 0 minutes, 
transferred to a 96-well Millipore microtiter GF/C filter 
plate and mixed with GTPy 35 S (e.g., 250,000 cpm/sample, 
specific activity ~1000 Ci/mmol) plus or minus GTPyS (final 
concentration = 100 /zM) . Final membrane protein 

concentration = 90 /ig/ml . Samples are incubated in the 
presence or absence of porcine galanin (final concentration 
= 1 /iM) for 30 min. at room temperature, then filtered on 
a Millipore vacuum manifold and washed three times with cold 
assay buffer. Samples collected in the filter plate are 
treated with scintillant and counted for 35 S in a Trilux 
(Wallac) liquid scintillation" counter . It is expected that 
optimal results are obtained when the 'mammalian receptor 
membrane preparation is derived from an appropriately 
engineered heterologous expression system, i.e., an 
expression system resulting in high levels of expression of 
the mammalian receptor and/or expressing G-proteins having 
high turnover rates (for the exchange of GDP for GTP) . GTPyS 
assays are well-known in the art, and it is^ expected that 
variations on- . the method described above, such as are 
described by -e.g., Tian et al . (1994) or Lazareno and 
Birdsall (1993), may be used by one of ordinary skill in the 
art. 

MAP kinase assay 

MAP kinase (mitogen activated kinase) miay be monitored "to 
evaluate receptor activation. MAP , kinase is activated by 
multiple pathways in the cell. A primary mode of activation 
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involves the ras/raf /MEK/MAP kinase pathway. Growth factor 
(tyrosine kinase) receptors feed into this pathway via 
SHC/Grb-2/SOS/ras . Gi coupled receptors are also known to 
activate ras and subsequently produce an activation of MAP 
5 kinase. Receptors that activate, pftospholipase C (Gq and Gil) 
produce diacylglycerol (DAG) as a consequence of 

phosphatidyl inositol hydrolysis. DAG activates protein 
kinase C which in turn phosphorylates MAP kinase. 

10 MAP kinase, activation can be detected by several approaches. 

One approach is based on an evaluation of the phosphorylation 
state, either unphosphorylated (inactive) or phosphorylated 
(active) . The phosphorylated protein has a slower mobility 
in SDS-PAGE and can therefore be compared with the 

15 unstimulated protein using Western blotting. Alternatively, 
antibodies specific for the phosphorylated protein are 
available (New England Biolabs) which can be used to detect 
an increase in the phosphorylated kinase. In either method, 
cells are stimulated with the mitogen and then extracted with 

20 Laemmli buffer.. The soluble fraction is applied to an SDS- 
PAGE gel and proteins are transferred electrophoret ically to 
nitrocellulose or Immobilon. Immunoreact ive bands are 
detected by standard Western blotting technique. Visible or 
chemiluminescent signals are recorded on film and may be 

25 quantified by densitometry. 

Another approach is based on evaluation of the MAP kinase 
activity via a phosphorylation assay. Cells are' stimulated 
with the mitogen and a soluble extract is prepared. The 

30 extract is incubated at 30°C for 10 min with gamma-32 -ATP , 
an ATP regenerating system, and a specific substrate for MAP 
kinase such as phosphorylated heat and acid stable protein 
regulated by insulin, or PHAS-I. The reaction is terminated 
by the addition of H : ,P0 4 and samples are transferred to ice. 

35 An aliquot is spotted onto Whatman P81 chromatography 
paper, which retains the phosphorylated • protein. The 
chromatrography paper is washed and counted for in* a 

liquid scintillation counter. Alternatively, the cell 
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extract is incubated with gamma- 32 -ATP, an ATP regenerating 
system, and biotinylated myelin basic protein bound by 
streptavidin to a filter support. The myelin basic protein 
is a substrate for activated MAP kinase. The phosphorylation 
reaction is carried out for 10 min at 30°C. The extract can 
then by aspirated through the filter, which retains the 
phosphorylated myelin basic protein. The filter is washed and 
counted for 32 P by liquid scintillation counting. 

Cell proliferation assay 

Receptor activation of- a G protein coupled receptor may lead 
to a mitogenic or proliferative response which can be 
monitored via 3 H-thymidine uptake. When cultured cells are 
incubated with 3 H- thymidine , the thymidine translocates into 
the nuclei where it is phosphorylated to thymidine 
triphosphate. The nucleotide triphosphate is then 

incorporated into the cellular DNA at a rate that is 
proportional to the rate of cell growth. Typically, cells 
are grown in culture for 1-3 days. Cells, are forced into 
quiescence by the removal of serum for 24 hrs . A mitogenic 
agent is then added to the media. 24 hrs later, the cells are 
incubated with 3 H-thymidine at specific activities ranging 
from 1 to 10 uCi/ml for 2-6 hrs. Harvesting procedures may 
involve t rypsinization and trapping of cells by filtration 
over GF/C filters with or without a prior incubation in TCA 
to extract soluble thymidine. The filters are processed with 
scintillant and counted for 3 H by liquid scintillation 
counting. Alternatively, adherant cells are fixed in MeOH 
or TCA, washed in water, and solubilized in 0.05% 
deoxycholate/0 . 1 N NaOH . The soluble extract is transferred 
to scintillation vials and counted for 3 H by liquid 
scintillation counting. 

Promiscuous second messenger assays 

It is not possible to predict, a priori and based solely upon 
the GPCR sequence, which of the cell's many different 
signaling pathways any given orphan receptor will naturally 
use. It is possible, however, to coax receptors of different 
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functional classes to signal through a pre- selected pathway 
through the use of promiscuous G a subunits. For example, by 
providing a cell based receptor assay system with an 
endogenously supplied promiscuous G a subunit such as G al6 or 

5 a chimeric G a subunit such as G ozq , a GPCR, which might 
normally prefer to couple through a specific signaling 
pathway (e.g., G g , G l# G q > G 0l ,etc), can be made to couple 
through the pathway defined by the promiscuous G^ subunit and 
upon agonist activation produce the second messenger 

10 associated with that subunit' s pathway. In the case of G oi6 
and/or G aq2 this would- involve activation of the G q pathway- 
and production of the second messenger phosphotidyl inositol. 
Through the use of similar strategies and tools, it is • 
possible to bias receptor signaling through pathways 

15 producing other second messengers such as Ca ++ , cAMP, and K + 
currents, for example. 

It follows that the .promiscuous interaction of the 
exogenously supplied G Q subunit with the orphan receptor 
20 alleviates the need to carry out a different assay for each 
possible signaling pathway and increases the chances of 
detecting a functional signal upon receptor activation. 

For phosphotidyl inositol (PI) measurements Cos-7 cells are 
25 typically used asC the reporter cell. Cos-7 cells are 
transiently transfected by electroporat ion' (BioRad Gene 
Pulser II, 0.23 kV, 950 /zF, 4.5 x 10 6 cells/cuvette) with 5 
/ig of individual expression vectors containing orphan 
receptor(s), control receptor(s), and/or promiscuous G a 
30 subunits. The transfected cells are then plated into 96 -well 
■ tissue culture plates (100,000 cells/well in complete DMEM 
(10% BCS, 1%P/S, 2% Gin)) and incubated at 37°C, 5% C0 2 , O/N. 
To assay for the production of PI, the cells are labeled with 
[•H] myo-inositol (0.5 ./iCi/well) in complete DMEM while 
35 incubating O/N as before. The next day the [*H] medium is 
poured off and the cells are washed IX with PBS. After 
washing, 90/il of lOmM LiCi in PBS/Ca + \ Mg** is added to each 
well, and the plates are then incubated for 15 min. at 37°C, 
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5% COv . The cells are then challenged with ligand (defined 
drugs are presented at 10/iM final concentration) for 30 min. 
at 3 7°C, 5% CO, O/N . , The stimulation is terminated by the 
addition, of 100 /il cold 5% TCA (4°C, at "least 10 min.) . The 
plate contents are then transferred to a 96-well filter plate 
previously packed with a slurry of 50% Dowex AGI0X8 
( 100/il/well ) . The cells are washed 3x with 200 /il 5mM 
myoinositol and the [ 3 H] -inositol phosphates are then eluted 
with 75 /il 1.2M ammonium formate/0 . 1M formic acid into an 
empty Wallac 96-well scintillation plate. 200 /il of SuperMix 
Scintillation cocktail is added to each well, mixed well, 
allowed to equilibrate and counted in, a Micro Beta Trilux 
scintillation counter . 

Microphysiometric measurement of orphan receptor mediated 
extracellular acidification rates 

Because cellular metabolism is intricately involved in a 
broad range" of cellular events (including receptor activation 
of multiple messenger pathways) , the use of microphysiometric 
measurements of cell metabolism can in principle provide a 
generic assay of cellular activity arising from the 
activation of any orphan receptor regardless of the specifics 
of the receptor's signaling pathway. 

General guidelines "for transient receptor expression, cell 
preparation and microphysiometric recording are described 
elsewhere (Salon, J. A. and Owicki, J. A., 1996). Orphan 
receptors and/or control vectors are ' transiently expressed 
in CH0-K1 cells, by liposome mediated transfection according 
to the manufacturers recommendations (Lipo feet AMINE , 
GibcoBRL, Gaithersburg , MD) , and maintained in Ham's F-12 
complete (10% serum). , A total of 10/ig of DNA is used to 
transfect each 75cm 2 flask which had been split 24 hours 
prior to the transfection and judged to be 70-80% confluent 
at the time of transfection. 24 hours post transfection, the 
cells " are harvested and 3 x 10 s cells seeded into 
microphysiometet capsules. Cells are allowed to attach to 
the capsule membrane for an additional 24 hours; during the 
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last 16 hours, the cells are switched to serum-free F-12 
complete to minimize ill-defined metabolic stimulation caused 
by assorted serum factors. On the day of the experiment the 
cell capsules are transferred to the microphysiometer and 
allowed to equilibrate in recording media (low buffer RPMI 
1640, .no bicarbonate, no serum (Molecular Devices 
Corporation, Sunnyvale, CA) containing 0.1% fatty acid free 
BSA) , during which a baseline measurement of basal metabolic 
activity is established. 

A standard recording . protocol specifies a 100/zl/min flow 
rate, with a 2 min total pump cycle which includes a 30 sec 
flow interruption during which .the acidification rate 
measurement is taken. Ligand challenges involve a 1 min 2 0 
sec exposure to the sample just prior to the first post 
challenge rate measurement being taken, followed by two 
additional pump cycles for a total of 5 min 20 sec sample 
exposure. Typically, drugs in a primary screen are presented 
to the cells at 10/iM final concentration. Ligand samples are 
then washed out and the acidification rates reported are 
expressed as a percentage increase- of the peak response over 
the baseline rate observed just prior to challenge. 

Clearly, an important aspect "-of understanding orphan 
receptors is the identification and characterization of their 
ligands.. The scope and structural diversity "of activating 
ligands (agonists) anticipated to be discovered for orphans 
is represented by the known universe of ligands for the GPCR 
superfamily. These range from large viral coat proteins and 
glycoproteins, to peptides, lipids, small molecules, and 
even activating ions. The diversity can be further expanded 
upon if we consider the many known synthetic antagonists 
specific for GPCR subtypes. 

Discrete GPCR liaand library 

Functional assays of orphan receptors include a preliminary 
test of a small library of compounds containing 
representative agonists for all known GPCRs as well as other 
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compounds which may be agonists for prospective GPCRs or 
which may be effectors for targets peripherally involved with 
GPCRs. The collection currently comprises approximately 180 
compounds, (including small molecules, hormones, 

5 preprohormones , and peptides, for example), for more than 45 
described classes of GPCRs (serotonin, dopamine, 
noradrenalin, opiods, etc.) And additionally includes ligands 
for known or suspected but not necessarily pharmacologically 
characterized or cloned GPCR families. The diversity of the 

10 library can be expanded to include agonist and antagonist 
compounds specific for GPCR subtypes, combinatorial peptide 
and/or small molecule libraries, natural product collections, 
and the like. To facilitate robotic . handling , the substances 
are distributed as either separate or pooled compound 

15 concentrates in 96 well plates and stored frozen as ready to 
use reagent plates. 

Peptide transmitter cDNA library 

It is anticipated that a large portion of orphan receptors 
20 will have peptide or protein molecules as their natural 
ligands. Accordingly, approaches employing the expression 
cloning of novel peptide transmitters using assay systems and 
cDNA libraries tailored to this task are a. viable approach 
to the problem of identifying orphan receptor ligands. 
25 ~ tr ' : 

Isolation of endogenous ligands 

Due to the limited understanding of the structural basis of 
transmitter diversity, it is very likely that successful 
identification of orphan receptor ligands will come not 

30 ' through efforts that rely solely on screening synthetic 
chemical cr peptide libraries, but rather through- the 
screening cf ligand rich biological extracts from organisms 
and tissues that express the receptor itself as well . The 
logic of this hypothesis is that where nature has evolved a 

35 regulatory system based on a novel receptor it must also 
provide the means to activate the receptor via a novel 
endogenous transmitter substance. Accordingly, it is 
important in outlining a strategy to include the orphan 
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receptor based screening of extracts derived from naturally 
occurring biological sources and the subsequent purification 
and characterization of any orphan receptor linked biological 
activity present in said extracts. 

5 

A general approach is to screen high resolution HPLC 
fractions of various tissue extracts for orphan receptor 
activity, employing one or more cellular based assays as 
described elsewhere. In general, a receptor based assay 

10 system employing reporter cells, which either transiently or 
stably express a particular orphan receptor (s), will be 
challenged with HPLC fractions derived from tissues thought 
to harbor transmitter substances and monitor signal 
transduction readouts for het erotrimeric G protein 

15 activation. To circumvent the problem of endogenous GPCRs 
(orphan or extaneous) in the reporter lines that may be 
activated by one or more endogenous transmitters in the 
extracts, the parent host cell lines (i.e. not heterologously 
expressing the orphan receptor) will be tested in parallel. 

20 Positive hits for orphan receptor linked activity will be 
evidenced by signaling present in the cell line 
heterologously expressing the orphan receptor but absent in 
the parent line. Tissue sources for extraction will be 
chosen by several criteria, including the localization of the 

25 orphan receptor itself, the relative abundance of known 
transmitter substances, and the potential, involvement of the 
tissue in important disease states. Extraction procedures 
will depend upon the structural class of ligand being sought 
after and could include but not be restricted to; neutral 

30 aqueous extraction for protein molecules, acid extraction for 
peptide molecules and small molecule chemical transmitters, 
and organic solvent extraction for lipid or sterol molecules. 

Purification of orphan receptor linked biological activity 
35 will depend upon the structural characteristic of the , 
transmitter substance, but could include various low, medium 
and high pressure chromatographic methods based on size 
exclusion, anion/cation, hydrophobic, and affinity 
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interaction matrices and could employ either normal or 
reversed phase conditions. Preparative electrophoresis in 
one and two dimensions would also, in some circumstances, be 
a viable approach for purification. 

In addition to various signal transduction assays which would 
be used to track bio-activity during purification, various 
biophysical methods would be employed to analyze the 
complexity and structural characteristics of the purified, 
fractions. These methods would. include , but not be limited 
to, UV-vis absorbance spectroscopy, proteolytic 
fragmentation, mass spectrometry, amino acid sequencing, and 
ultimately nuclear magnetic .resonance spectrometry and/or X- 
ray crystallographic determination of the purified 
transmitter molecule's 3 -dimensional structure. 

Receptor/G protein co- transf ection studies 

A strategy for determining whether fb41a can couple 
preferentially to selected G proteins involves co- 
transf ection of fb41a receptor cDNA into a host cell together 
with the cDNA for. a G protein alpha sub-unit. Examples of 
G alpha sub-units include members of the Gai/Gao class 
(including Gat2 and Gaz) , the Gaq class, the Gas class, and 
the Gal2/13 class.,. A typical procedure involves transient 
transf ection into a host cell such . as COS-7. Other host 
cells may be used. A key consideration is whether the cell 
has a downstream -effector (a particular adenylate cyclase, 
phospholipase C, or channel isoform, for example) to support 
a functional response through the G protein under 
investigation. G protein beta gamma sub-units native to the 
cell are presumed to complete the G protein heterotrimer ; 
otherwise specific beta and gamma sub-units may be co- 
transfected as well'. Additionally, any individual or 
combination of alpha, beta, or gamma subunits may be co- 
transfected to optimize the functional signal mediated by the 
receptor. 
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The receptor/G alpha co- transf ected cells are evaluated in 
a binding assay, in which case the radioligand binding may 
be enhanced by the presence of the .optimal G protein coupling 
or in a functional assay designed to test the receptor/G 
protein hypothesis. In one example, fb41a may be 

hypothesized to inhibit cAMP accumulation through coupling 
with G alpha sub-units of the Gai/Gao class. Host cells co- 
transfected with fb41a and appropriate G alpha sub-unit cDNA 
are stimulated with forskolin +/- fb41a agonist, as described 
above in cAMP methods. Intracellular cAMP is extracted for 
analysis by radioimmunoassay. Other assays may be 

substituted for cAMP inhibition, including GTPy J 's binding 
assays and inositol phosphate hydrolysis assays. Host cells 
transfected with fb41a minus G alpha or with G alpha minus 
fb41a would be tested simultaneously as negative controls. 
fb41a receptor expression in transfected cells may be 
confirmed in i:5 I-fb41a protein binding studies using 
membranes from transfected cells. G alpha expression in 
transfected cells may be confirmed by Western blot analysis 
of membranes from transfected cells, using antibodies 
specific for the G protein of interest. 

The efficiency of the transient transf ection procedure is a' 
critical factor for signal to noise in an inhibitory assay, 
much more so than'in a stimulatory assay. If a positive 
signal present in all cells (such as forskolin- stimulated 
cAMP accumulation) is inhibited only in the fraction of cells 
successfully transfected with receptor and G alpha, the 
signal to noise ratio will be poor. One method for improving 
the signal to noise ratio is to create a stably transfected 
cell line in which 100% of the cells express both the 
receptor and the G alpha subunit. Another method involves 
transient co- transf ection with a third cDNA for a G protein- 
coupled receptor which positively regulates the signal which 
is to be inhibited. If the co- transf ected cells 

simultaneously express the stimulatory receptor, the 
inhibitory receptor, and a requisite G protein for the 
inhibitory receptor, then a positive signal may be elevated 
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selectively in transf ected cells using a receptor-specific 
agonist. An example involves co-transfection* of COS-7 cells 
with 5-HT4, fb41a, and a G alpha sub-unit. Transf ected cells 
are stimulated with a 5-HT4 agonist +/- fb41a protein. 
Cyclic AMP is expected to be elevated only in the cells also 
expressing fb41a and the G alpha subunit of interest, and a 
f b41a-dependent inhibition may be measured with an improved 
signal to noise ratio. 

It is to be understood that the cell lines described herein - 
are merely illustrative of the methods used to evaluate the 
binding and function of the mammalian receptors of the 
present invention, and that other suitable cells may be used 
in the assays described herein. 

Methods for recording currents in Xenopus oocytes 
Female Xenopus' laevis (Xenopus-1, Ann Arbor, MI) are 
anesthetized in 0.2% tricain (3-aminobenzoic acid ethyl 
ester, Sigma Chemical Corp.) and a portion of ovary is 
removed using aseptic technique (Quick and Lester, 1994) . 
Oocytes are def olliculated using 2 mg/ml collagenase 

(Worthington Biochemical Corp., Freehold, NJ) in a solution 
containing 8 7.5 mM NaCl , 2 mM KCl, 2 mM MgCl 2 and 5 mM HEPES, 
pH 7.5. Oocytes may be injected (Nanoject, Drummond 
Scientific, Broomall, PA) with mammalian mRNA. Other oocytes 
may be injected with a mixture of mammalian mRNA and mRNA 
encoding the genes for G-protein-activated inward rectifiers 

(GIRK1 and GIRK4 , U.S. Patent Nos . 5,734,021 and 5,728,535). 
Genes encoding G-protein .inwardly rectifying K" (GIRK) 
channels 1 and 4 (GIRK1 and GIRK4) are obtained by PCR using 
the published sequences (Kubo et* al . , 1993 ; Dascal et al . , 
1993; Krapivinsky et al . , 1995 and 1995b) to derive 
appropriate 5 1 ■ and 3* primers . • Human heart cDNA is used as 
template together with appropriate primers. 

In each primer pair, the upstream primer may contain a BamHI 
site and the downstream primer may contain an EcoRI site to 
facilitate cloning of the PCR product into pcDNAl -Amp 
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( Invitrogen) . The transcription template for the mammalian 
receptor may be similarly obtained. mRNAs are prepared from 
separate DNA plasmids containing the complete coding 'regions 
of the mammalian receptor, GIRK1 , and G1RK4 . Plasmids are 

5 linearized ' and transcribed using the T7 polymerase (Message 
Machine, Ambion) . Alternatively, mRNA may be translated from 
a template generated by PCR, incorporating a T7 promoter and 
a poly A + tail. Each oocyte receives 2 ng each of. GIRK1 and 
GIRK4 mRNA in combination with 25 ng of mammalian receptor 

10 mRNA. After injection of mRNA, oocytes are incubated at 16° 
on a rotating platform- for 3-8 days. Dual electrode voltage 
clamp (GeneClamp, Axon Instruments Inc., Foster City, CA) is 
performed using 3 M KC1 -filled glass microelectrodes having 
resistances of 1-3 Mohms . Unless otherwise specified, 

15 oocytes are voltage clamped at a holding potential of -80 mV. 
During recordings, oocytes are bathed in continuously flowing 
(2-5 ml/min) medium containing 96 mM NaCl , 2 mM KCl, 2 mM 
CaCl 2 , 2 mM MgCl 2 , and 5 mM HEPES , pH 7.5 (ND96), or, in the 
case of oocytes expressing GIRK1 and GIRK4 , elevated K* 

20 containing 96 mM KCl, 2 mM NaCl, 2 mM CaCl 2 , 2 mM MgCl 2 , and 
5 mM HEPES, pH 7 . 5 (hK) . Drugs are applied by switching from 
a series of gravity fed perfusion lines. 

Heterologous expression of GPCRs in Xenopus oocytes has been 
25 widely used to determine the identity of signaling pathways 
activated by agonist stimulation (Gundersen et al . , 1983; 
Takahashi et al . , 1987). Activation of the phospholipase C 
• (PLC) pathway is assayed by applying test compound in ND96 
solution to oocytes previously injected with mRNA for the 
30 mammalian receptor and observing inward currents at a holding 
potential of -80 mV. The appearance of currents that reverse 
at -25 mV and display other properties of the Ca ++ -act ivated 
CI" (chloride) channel is indicative of mammalian receptor- 
activation of PLC and release of IP3 and intracellular Ca". 
35 Such activity is exhibited by GPCRs that couple to G q . 

Measurement of inwardly rectifying K" (potassium) channel 
(GIRK) activity is monitored in oocytes that have been co- 
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injected with roRNAs encoding the mammalian receptor, GIRK1 , 
and GIRK4 . The two GIRK gene products co-assemble to form 
a G-protein activated potassium channel known to be activated 
(i.e., stimulated) by a number of GPCRs that couple to G L or 
G 0 (Kubo et al., 1993; Dascal et al . , 1993). Oocytes 
expressing the mammalian receptor plus the two GIRK subunits 
are tested for test compound responsivity by measuring K" 
currents in elevated K + solution (hK) . Activation of 
inwardly rectifying currents that are sensitive to 3 00 jiM 
Ba* + signifies the mammalian receptor coupling to a- G i or G Q 
pathway in the oocytes. 

Localization S tudies 

Development of probes: Using full length cDNA encoding the 
fb41a receptor as a template, polymerase chain reaction (PCR) 
was used to amplify a 425 base pair fragment corresponding - 
to nucleotides 705-1130 of the coding sequence. PCR 
generated fragments were subcloned into the EcoRI and Hindi I I 
sites of a plasmid vector pGEM 7zf (Promega Corp.), which 
contains sp6 and T7 RNA polymerase promoter sites. This 
construct was linearized with EcoRI and sp6 RNA polymerase 
was used to synthesize radiolabeled antisense strands of RNA. 

A probe coding ; for human glyceraldehyde 3 -phosphate 
dehydrogenase (GAPDH) gene, a const i tut ively expressed 
protein, was used concurrently. GAPDH is expressed at a 
relatively constant level in most tissue and its detection 
is used to compare expression levels of the human fb41a gene 
in different regions. 

Development of probes for rat fb41a: Isolation and cloning 
of cDNA sequences encoding rat fb41a are described elsewhere. 
"Radiolabeled RNA probes for rat fb41a were synthesized in the 
same manner as those shown for human fb41a. 



Synthesis of probes: fb41a and GAPDH cDNA sequences preceded 
by phage polymerase promoter sequences were used to 
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synthesize radiolabeled riboprobes . Conditions for the 
synthesis of riboprobes were: 0.25-1.0 fig linearized 
template, 1.5 fil of ATP, GTP, UTP (10 mM each), 3 /il 
dithiothreitol (0.1M), 30 units RNAsin RNAse inhibitor, 0.5- 
1.0 fil (15-20 units//iD RNA polymerase, 7.0 /il transcription 
buffer (Promega Corp.), and 12.5 fil a 32 P-CTP (specific 
activity 3 , OOOCi/mmol ) . 0.1 mM CTP (0.02-1.0 /xl) was added 
to - the reactions, and the volumes were adjusted to 35 /il with 
DEPC- treated water. Labeling reactions were incubated at 
37°C for 60 minutes, after which 3 units of RQ1 RNAse-free 
DNAse (Promega Corp.) were added to digest the template. 
Riboprobes were separated from unincorporated nucleotides 
using Microspin' S-300 columns (Pharmacia Biotech) . TCA 
precipitation and liquid scintillation spectrometry were used 
to measure the amount of label incorporated into the probe. 
A fraction of all riboprobes synthesized was size- 
fractionated on 0.25 mm thick 7M urea, 4.5% acrylamide 
sequencing gels. These gels were apposed to screens and the 
autoradiograph scanned using * a phosphorimager (Molecular 
Dynamics) to confirm that the probes synthesized were full- 
length and not degraded. 

Solution hybridization/ribonuclease protection assay (RPA) : 

For solution hybridization 2.0 fig of mRNA isolated, from 
tissues were used. Negative controls consisted of 30 fig 
transfer' RNA (tRNA) or no tissue blanks. All mRNA samples 
were placed in 1.5 ml microfuge tubes and vacuum dried. 
Hybridization buffer (40 fil of 400 mM NaCl , 2 0 • mM Tris, Ph 
6.4, 2 mM EDTA, in .8 0% formamide) containing 0.25-2.0 E G 
counts of each probe were added to each tube. Samples were 
heated at 90°C for 5 min, after which the temperature was 
lowered to 45 or 55°C for hybridization. 

After hybridization for 14-18 hr, the RNA/probe mixtures were 
digested with RNAse A (Sigma) and RNAse Tl (Life 
Technologies). A mixture of 2.0 fig RNAse A and 1000 units 
of RNAse Tl in a buffer containing 330 mM NACl , 10 mM Tris 
(pH 8.0) ar.d 5 mM EDTA (4 00 /il) was added to each sample and 



0034334A1. 1A> 



WO 00/34334 PCT/US99/29268 

-69- 

incubated for 90 min at room temperature. After digestion 
with RNAses, 20 /il of 10% SDS and 50 fig proteinase K were 
added to each tube and incubated at 37°C for 15 min. Samples 
were extracted with phenol /chlorof orm: isoamyl alcohol and 
5 precipitated in 2 volumes of ethanol for 1 hr at -70°C. 
Pellet Paint (Novagen) was added to each tube (2.0 fig) as a 
carrier to facilitate precipitation. Following 
precipitation, samples were centrifuged, washed with cold 70% 
ethanol, and vacuum dried. Samples were dissolved in 
10 formamide loading buffer and size-fractionated on a 
urea/acrylamide sequencing gel (7.0 M urea, 4.5% acrylamide 
in Tris-borate-EDTA) . Gels were dried and apposed to storage 
phosphor screens and scanned using a- phosphorimager 
(Molecular Dynamics, Sunnydale , . CA) . 

15 

RT-PCR 

For the detection of low levels of RNA encoding fb41a, RT-PCR 
.was carried out on mRNA extracted from human tissue. Reverse 
transcription and PCR reactions were carried out in 50 fxl 
20 volumes using EzrTth DNA polymerase (Perkin Elmer) . Primers 
with the following sequences were used: 
RA rFB4 laF : 

GCATCATGCTGGTGTGTGGCATCG ( Seq I . D . No . 2 3) 

25 RA rFB4 laB : 

GTTAGTGGACACGTAGAGGGAGACG (Seq. -I. D. No. 24) 

Each reaction contained 0.2 fig mRNA and 0.3/iM of each primer. 
Concentrations of reagents in each reaction were: 300/iM each 

30 of dGTP, dATP, dCTP , dTTP ; 2 . 5mM Mn(OAc) : ,; 50mM Bicine;-115 
mM K acetate, 8% glycerol and 5 units EzrTth" DNA polymerase. 
All reagents for PCR (except. mRNA and oligonucleotide 
primers) were obtained from Perkin Elmer. Reactions were 
carried out under the following conditions: 65°C, 60 min; 

35 94°C, 2 min; (94°C, 1 min; 65°C, 1 min) 40 cycles-, 72°C, 10 
min. PCR reactions were size fractionated by agarose gel 
electrophoresis, DNA stained with ethidium bromide (EtBr) and 
photographed with UV illumination. 
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Positive controls , for PCR reactions consisted of 
amplification of the target sequence from a plasmid 
.construct, as well as reverse transcribing and amplifying a 
known sequence. Negative controls consisted of mRNA blanks 
5 as well as primer blanks. To confirm that the mRNA was not 
contaminated with genomic RNA , samples were digested with 
RNAses before reverse transcription. Integrity of RNA was 
assessed by amplification of mRNA coding for GAPDH. 

10 Northern blots and multiple species southern blots: Human 
multiple tissue northe-rn blots and multiple species southern 
blots (ZooBlots) were purchased from Clonetech Laboratories, 
Inc. (Palo Alto, CA) . Blots were prehybridized in ExpressHyb 
hybridization solution (Clonetech Laboratories, Inc.) for one 

15 hour at 75 P C. After prehybridization, labeled riboprobe 
(synthesized as previously described for human fb41a) was 
added (0.5-1.0 E 6 CPM/ml of hybridization solution). Blots 
were hybridized overnight, at 75°C. After hybridization blots 
were washed 4 times in washes of increasing stringency. 

20 Final wash for all blots was: 0.1 X SSC, 75°C (20X SSC = 3M 
NaCl, 0.3M Na 3 citrate, pH 7.0). After washing, blots were 
apposed to storage phosphor screens and scanned using a 
phosphorimager after exposure times of 1-5 days (Molecular 
Dynamics, Sunnyvale, CA) . 

25 VT 
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A human genomic placenta library was screened, under reduced 
stringency conditions, with oligonucleotide probes directed 
to the seven transmembrane regions of the human Y4 receptor 
(Bard, et al . , 1995). A positively-hybridizing clone was 
isolated, plaque-purified and characterized by Southern blot 
analysis and sequencing. The sequence of this clone was used 
to design a 45 nucleotide oligonucleotide probe which was 
used to screen a human fetal brain cDNA library. Two 
fragments from one positively hybridizing clone, fb41a, - were 
subcloned together into the expression vector pEXJ. 

The largest open reading frame in this construct , JB719, 
contains 1167 nucleotides (Figure 1A-1B) , which is predicted 
to encode a protein of 389 amino acids {Figure 2A-2B) . A 
second potential initiating methionine is present and would 
predict a protein of 386 amino acids. Hydropathy analysis 
of the protein is consistent with a putative topography of 
seven transmembrane domains, indicative of the G protein- 
coupled receptor family (Figure 2A-2B) . 

A 300 base pair fragment containing TMs 1 to III of the rat 
homologue of JB719 was isolated from rat genomic DNA using 
primers directed against the human clone. The sequence of 
this fragment was then used to design primers specific to the 
rat homologue. Using these primers, a 259 base pair fragment 
was isolated from rat genomic DNA and subcloned into pGEM 
(Figures 3, 4). The sequence of two clones from independent 
PCR reactions; fb41a-la and fb41a-lb, were identical and 
showed 88% nucleotide identity with JB719 (Figure 5) 

Localization 

Detection of mRNA coding for rat fb41a: mRNA was isolated 
from multiple tissues (Table 1) and assayed as described. 
P0 and PI indicate post natal days 0 and 1. The distribution 
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of mRNA encoding rat fb41a is widespread with the highest 
levels found in trigeminal ganglia , dorsal root ganglia and 
neonatal brains. Lower amounts are found broadly distributed 
throughout the central nervous system, as well as in 
peripheral organs (Table 1, Figure 6) . There is .good 
correlation between distribution determined by RT-PCR and 
RPA. RT-PCR detected rat fb41a in more areas than RPA as it 
is. a more sensitive technique. 

High levels of mRNA encoding fb41a in the dorsal root ganglia 
and trigeminal ganglia- with relatively low expression in most 
of the other regions assayed provides insights for the 
potential function of fb41a. Primary sensory neurons are 
located in both dorsal root and trigeminal ganglia. This 
distribution strongly implicates fb41a as a potential 
modulator of pain and/or sensory transmission. 

Detection of mRNA coding for human fb41a: mRNA was isolated 
and assayed as described from areas listed in Table 2. The 
distribution of mRNA encoding human fb41a is widespread with 
the highest levels found in fetal brain (25 week gestational 
age was the only age assayed) . Other areas containing mRNA 
encoding fb41a include the' cerebellum and pituitary (Figure 
7) . Northern blot analysis of mRNA extracted from fetal 
brain, fetal 'lung, fetal liver, and fetal kidney demonstrates 
a high level of expression in fetal brain, with no detectable 
specific hybridization in mRNA from the other tissues (Figure 
8B) . 

Presence of fb41a-like genes in other species: Hybridization 
of a radiolabeled human fb41a riboprobe to genomic DNA from 
multiple species on a ZqoBlot demonstrates that fb41a-like 
g ene sequences are present in multiple species including 
human, monkey, rat, dog, cow, rabbit, and yeast (Figure 8A) . 
This suggests that fb41a is a well conserved receptor that 
may play a functional role across phylogeny. 
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Table 1 

Distribution of mRNA coding for rat fb41a receptor 





Region 


rat 

fb41a 

RT-PCR 


rat 
fb41a 
RPA 


rutentiai AppucdClons 


5 


adrenal 
cortex 


+ + 


_ 


Regulation of steroid hormones 




adrenal 
medulla 


+.+ 


- 


Regulation of epinephrine release 




urinary 
bladder 




- " 


Urinary incontinence 


10 


duodenum 


+ 


- 


Gastrointestinal disorders 




heart 


. +/- 




Cardiovascular indications 




kidney 


+ + 


+ /- 


Electrolyte balance, hypertension 




liver 


+ + 


+/- 


Diabetes 




lung 




+/- 


Respiratory disorders, asthma 


15 


ovary 


+ 


+/- 


Reproductive function 




Pancreas 


+/- 




Diabetes, endocrine disorders 




Spleen 


+++ 


+ + 


Immune disorders- 




stomach 


+/- 




Gastrointestinal disorders 


20 


striated 
muscle 


+/-• 


- 


Musculoskeletal disorders 




testicle • 


+ ' 


+ /- 


Reproductive function 




Uterus 


+ + 


- 


Reproductive function 




vas 

deferens 


+ + 




Reproductive function 


25 


Whole 
brain 


+ 


+ 






Spinal 
cord 


+ + 


+/- 


Analgesia, sensory modulation and 
transmission 




amygdala 


+ + 


+ - 




30 


caudate/ 
putamen 




+ 


Modulation of dopaminergic function 
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5 



celiac 
plexus 


+ 


+ 


modulation of visceral innervation 


cerebel- 
lum 


+ 




Motor coordination 


Cerebral 
cortex 


• + 


+ 


Sensory and motor integration, 
cognition 


Dorsal 

root 

ganglia 


+++ 


+++ + 


Sensory transmission 


Hippo- 
campus 






Cognition/memory 


Hypothal 
amus 


++ 


+ 


Appetite/obesity, neuroendocrine 
regulation 


Medulla 


+ 




Analgesia, motor coordination 


Olf actor 
y bulb 


+ 


+ 


Olfaction 


Pituitar 
y 


+ 




Endocrine/neuroendocrine regulation 


Substan- 
tia 
nigra 


+ + 


+ 


Modulation of dopaminergic function 


Superior 
cervical 
ganglion ■ 


+ 


- 


Modulation of sympathetic 
innervation 


Trigem- 
inal 

ganglion 


+ + + 


+ + + + 


Migraine, analgesia, sensory 
transmission 


Whole 
brain PO 


NA 


+ + 




Whole 
brain PI 


NA 


+ + + 





NA = not assayed • 
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Table 2 

Distribution of mRNA coding for human fb41a receptors 



Region 


Human 
fb41a 


Potential applications 


Liver 


+ 


Diabetes 


Kidney- 


+ /- 


Hypertension, Electrolye balance | 


Lung 


+ /- 


Respiratory disorders, asthma | 


Heart 


+ /- 


Cardiovascular indications j 


Small intestine 


+ /- 


Gastrointestinal disorders 


Striated muscle 


+ /- 


Musculoskeletal disorders 


Pituitary x 




Endocrine/neuroe'ndocrine 1 
regulation 


Whole brain 


+ 




Amygdala 


+ 





Cerebral cortex 


+/- 


Sensory and motor integration, 
cognition | 


Hippocampus 


+ 


Cogn i t i on/ memory 


Hypothalamus 


+ + 


Appetite/obesity, neuroendocrine • j 
regulation 


spinal cord 


+/- 


Analgesia, sensory modulation and 1 
transmission I 


Cerebellum 


++ 


Motor coordination 1 


Thalamus 


+ /- 


Sensory integration | 


Substantia nigra 


+ + 


Modulation of dopaminergic i 
function, modulation of motor 
coordination > 


caudate /put amen 




modulation of dopaminergic 
function 


fetal brain 


++++ 




fetal lung 


+ /- 




fetal kidney 


+ /- 




fetal liver 


+/-' 
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A comparison of nucleotide and peptide sequences of clone 
JB719 with sequences contained in the Genbank/EMBL databases 
reveals that the ..clone is .most related to GPR10 (49% 
nucleotide identity, 27% amino acid identity) , human 
5 ... neurokinin- 1 receptor (48% nucleotide identity, 23% amino 
acid identity) , human NPY/PYY/PP Y4 receptor (46% nucleotide 
identity, 24% amino acid identity) , human NPY/PYY/PP Y2 
receptor (46% nucleotide identity, 26% amino acid identity) , 
human neurokinin-2 receptor (44% nucleotide identity, 24% 
10 amino acid identity) and human orexin-2 receptor (43% 
nucleotide identity, 23% amino acid identity) . In addition 
a human cosmid clone" (Genbank' accession number HSE122E9). was 
identified which contains the first 475 nucleotides of JB719. 
This region of the cosmid entry was unannotated. The similar 
15 level of identity of JB719 to GPCRs of multiple subfamilies 

(biogenic .amine and neuropeptide) indicates that the 
endogenous ligand could be from any class of , molecules 
interacting with GPCRs . "However, it is not yet possible to 
accurately predict the nature of the endogenous ligand from 
20 primary sequence alone. The cloning of the gene encoding 
fb41a. has' nevertheless provided the means to explore its 
physiological roles by pharmacological characterization, and 
by Northern and in situ mapping of its mRNA distribution. 
Further, the availability of the DNA encoding the fb41a 
25 receptor will facilitate the development of antibodies and 
antisense' technologies useful in defining the functions of 
the gene product in vivo. Antisense oligonucleotides which 
target mRNA molecules to selectively block translation of the 
gene product in vivo have .been used successfully to relate 
30 the expression of a single gene with its functional sequelae. 

The cloning of fb41a will allow the use of this approach to 
explore the functional consequences of blocking the 
expression ' of ' it s mRNA without knowledge of its endogenous, 
ligand. Thus, the cloning of this receptor gene provides the 
35 means- to explore its physiological roles in the nervous 
system and elsewhere, and may thereby help to elucidate 
structure/function relationships within the GPCR superfamily. 
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In conclusion, the primary structure of the protein encoded 
by the fb41a receptor gene and its lack of close identity 
with existing GPCRs indicate that the endogenous ligand may 
represent any class of neuroregulatory substances, and 
further suggest that additional members of this new receptor 
subfamily may exist. 
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An isolated nucleic acid encoding a mammalian fb41a 
receptor. 

>. The nucleic acid of claim 1, wherein the nucleic acid is 
DNA. 

I. The DNA of claim 2, wherein the DNA is cDNA. 

I. The DNA of claim 2, wherein the DNA is genomic DNA. 

5. The nucleic acid of claim 1, wherein the nucleic acid is 
RN A . 

5. The nucleic acid of claim 1, wherein the mammalian fb41a 
receptor is a human fb41a receptor. 

7. The nucleic acid of claim 6, wherein the nucleic acid 
encodes a human fb41a receptor which has an amino acid 
sequence identical to that encoded by the plasmid FB4 la 
(ATCC Accession No. 209449) . 

8. An isolated nucleic acid encoding a human fb41a receptor 
analog. 

9. The nucleic acid of claim -6, wherein the human fb41a 
receptor has an amino acid sequence comprising the amino 
acid sequence shown in Figure 2A-2C '(Seq. I.D. No. 2) 
begining with the methionine at amino acid position 4. 

10. A purified mammalian fb41a receptor protein. 

II. The purified mammalian fb41a receptor protein of claim 
10, wherein the fb41a receptor protein is a human fb41a 
receptor protein. 

12. A vector comprising the nucleic acid of claim 1. 
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13. A vector comprising the nucleic acid of claim 6. 

14. A vector of claim 12 adapted for expression in a 
bacterial cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the 
bacterial cell operatively linked to the nucleic acid 
encoding the mammalian fb41a receptor as to permit 
expression thereof. 

15. A vector of claim 12 adapted for expression in an 
amphibian cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the 
amphibian cell operatively linked to the nucleic acid 
encoding the mammalian fb41a receptor as to permit 
expression thereof. 

16. A vector of claim 12 adapted for expression in a yeast 
cell which comprises the regulatory elements necessary 
for expression of' the nucleic acid in the yeast cell 
operatively linked to the nucleic acid encoding the 
mammalian fb41a receptor so as to permit expression 
thereof . 

17. A vector of claim 12 adapted for expression in an insect 
cell which comprises the regulatory elements necessary 
for expression of the nucleic acid in the insect cell 
operatively linked to the nucleic acid encoding the 
mammalian fb41a receptor so as to permit expression 
thereof. 

18. The vector of claim 17 which is a baculovirus. 

19. A vector of claim 12 adapted for expression in a 
mammalian cell which comprises the regulatory elements 
necessary for expression of the nucleic acid in the 
mammalian cell operatively linked to the nucleic acid 
encoding the mammalian fb41a receptor so as to permit 
expression thereof. 
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20. The vector of claim 12, wherein the vector is a plasmid. 

21. The plasmid of claim 20 designated FB4 la (ATCC Accession 
No. 209449) . 

22. A cell .comprising the vector of claim 12. 

23. A cell of claim 22, wherein the cell is a rion-mammalian 
cell - 

24. A cell of claim 23, wherein the non-mammalian cell is a 
Xenopus oocyte cell or a Xenopus melanophore cell. 

25. A cell of claim 22, wherein the cell is a mammalian 
15 . cell . . 

26. A- mammalian cell of claim 25, wherein, the cell is a COS- 
7 cell, a 293 human embryonic kidney cell, a NIH-3T3 
cell, a LM(tk-) cell, a- mouse Yl cell, or a CHO cell. 
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27. An insect cell comprising the vector of claim 17. 

28. An insect cell of claim 27, wherein, the insect cell is 
an SfS cell, an Sf.21 cell or a HighFive cell. 

' ZX- . 

29. A membrane preparation isolated from the cell of any one 
of claims 22, 23, 25, or 27. 

30. A nucleic acid probe comprising at least 15 nucleotides, 
which probe specifically hybridizes with a nucleic acid 
encoding a mammalian fb41a receptor, wherein the probe 
has a unique sequence corresponding to a sequence 
preser.: within one of the two strands of the nucleic 
acid encoding the mammalian fb41a receptor and are 
contained in plasmid FB4 la (ATCC Accession No. 209449) . 

j 

31. A nucleic acid probe comprising at least 15 nucleotides, 
which probe specifically hybridizes with a nucleic acid 
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encoding a mammalian fb41a receptor, wherein the probe 
has a unique sequence corresponding to a sequence 
present within (a) the nucleic acid sequence shown in 
Figure 1A-1B (Seq. I.D. No. 1) or (b) the reverse 
5 complement thereto. 

32. The nucleic acid probe of claim 30 or 31, wherein the 
nucleic acid is DNA. 

10 33. The nucleic acid probe of claim 30 or 31, wherein the 
nucleic acid is RNA . 

A nucleic acid probe comprising a nucleic acid molecule 
of at least 15 nucleotides which is complementary to a 
unique fragment of the sequence of a nucleic acid 
molecule encoding a mammalian fb41a receptor. 

35. A nucleic acid probe comprising a nucleic acid molecule 
of at least 15 nucleotides which is complementary to the 

20 antisense sequence of a unique fragment of the sequence 

of a nucleic acid molecule encoding a mammalian fb41a 
receptor. 

36. An antisense oligonucleotide having a sequence capable 
25 of specifically hybridizing to the RNA of claim 5, so as 

to prevent translation of the RNA. 

37. An antisense oligonucleotide having a sequence capable 
of specifically hybridizing to the genomic DNA of claim 

30 4 . 

38. An antisense oligonucleotide of claim 36 or 37, wherein 
the oligonucleotide comprises chemically modified 
nucleotides or nucleotide analogues. 

35 

39. An antibody capable of binding to a mammalian fb41a 
receptor encoded by the nucleic acid of claim 1. 
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An antibody of claim 39, wherein the mammalian fb41a 
receptor is a human fb41a receptor. 

An agent capable of competitively inhibiting the binding 
of the. antibody of claim 39 to a mammalian fb41a 
receptor . 

42. An antibody of claim 39, wherein the antibody is a 
monoclonal antibody or antisera. 

43. A pharmaceutical composition comprising (a) an amount of 
the oligonucleotide of claim 36 capable of passing 
through a- cell membrane and effective to reduce, 
expression of a mammalian fb41a receptor and (b)a 
pharmaceutical^ acceptable carrier capable of passing 
through the cell membrane. 



44. A pharmaceutical composition of claim 43, wherein the 
oligonucleotide is coupled to a substance which 

20 inactivates mRNA. - 

45. A pharmaceutical composition of claim 44, wherein the 
substance which inactivates mRNA is a ribozyme.' 



46. A pharmaceutical composition of claim 43, wherein the 
. pharmaceutically acceptable carrier comprises a 

structure which binds to a mammalian fb41a receptor on 
a cell capable of being taken up by the cells after 
binding to the structure. 

47. A pharmaceutical composition of claim 46, wherein the 
pharmaceutically acceptable carrier is capable of 
binding to a mammalian fb41a receptor which is specific 
for a selected cell type. 

48. A pharmaceutical composition which comprises an amount 
of the antibody of claim 39 effective to block binding 
of a ligand to a human fb41a receptor and a 
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pharmaceutically acceptable carrier . 

49. A transgenic, nonhuman mammal expressing DNA encoding a 
mammalian fb41a receptor of claim 1. 

50. A transgenic, nonhuman mammal comprising a homologous 
recombination knockout of the native mammalian fb41a 
receptor . 

51. A transgenic, nonhuman mammal whose genome comprises 
antisense DNA complementary to the DNA encoding a 
mammalian fb41a receptor of claim 1 so placed within the 
genome as to be transcribed into antisense mRNA which is 
complementary to mRNA encoding the mammalian fb41a 
receptor and which hybridizes to mRNA encoding the 
mammalian fb41a receptor, thereby reducing its 
translation. 

52. The transgenic, nonhuman mammal of claim 49 or 50, 
wherein L the DNA encoding the mammalian fb41a receptor 
additionally "comprises an inducible promoter. 

53. The transgenic, nonhuman mammal of claim 49 or 50, 
wherein the DNA encoding the mammalian fb41a receptor 
additionally "comprises tissue specific regulatory 
elements. 

54. A transgenic, nonhuman mammal of claim 49, 50,. or 51, 
wherein the transgenic, nonhuman mammal is a mouse. 

55. A process for identifying a chemical compound which 
specifically binds to a mammalian fb41a receptor which 
comprises contacting cells containing DNA encoding and 
expressing on their cell surface the mammalian fb41a 
receptor, wherein such cells do not normally express the 
mammalian fb41a receptor, with the compound under 
conditions ' suitable for binding, and detecting specific 
binding of the chemical compound to the mammalian fb41a 
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receptor. 

56. A process for identifying a chemical compound which 
specifically binds to a mammalian fb41a receptor which 
comprises contacting a membrane fragment from a cell 
extract of cells containing DNA encoding and expressing 
on their cell surface the mammalian fb41a receptor, 
wherein such cells do not normally express the mammalian 
fb41a receptor, with the compound under conditions 
suitable for binding, and detecting specific binding of 
the chemical compound to the mammalian fb41a receptor. 

57. The process of claim 55 or 56, wherein the. mammalian 
fb41a receptor is a human fb41a receptor. 

58. The process of claim 55 or 56, wherein the mammalian 
fb41a receptor has substantially, the same amino acid 
sequence as the mammalian fb41a receptor encoded by 
plasmid FB4 la (ATCC Accession No. 209449) . 

59. The ' process of claim 55 or 56, wherein the mammalian 
fb41a receptor has substantially the same amino acid 
sequence as that shown in Figure 2A-2C (Seq. I.D. No. 

2) . - . 

60. The process of claim 55 or 56, wherein the mammalian 
fb41a receptor has the amino acid sequence shown in 
Figure 2A-2C (Seq. I.D. No. 2). 

61. The process of claim 59, wherein the compound is not 
previously known to bind to a mammalian fb41a receptor. 

62. A compound identified by the process of claim 61. 

-63. A process of claim 59, wherein the cell is an insect 
cell . ■ - • 

64. The process of claim 59, wherein the cell is a mammalian 
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65. The process of claim 64, wherein the cell is nonneuronal 
in origin. 

5 * - . 

66. The process of claim 65, wherein the nonneuronal cell is 
a COS-7 cell, 293 human embryonic kidney cell, a CHO 
cell, a NIH-3T3 cell, a mouse Yl cell, or a LM(tk-) 
cell . 

10 

67. A process of claim 64, wherein the compound is a 
compound not previously known to bind to a mammalian 
fb41a receptor. 

15 68. A compound identified by the process of claim 67. 

69. A process involving competitive binding for identifying 
a chemical compound which specifically binds to a 
mammalian fb41a receptor which comprises separately 

20 contacting cells expressing on their cell surface the 

mammalian fb41a receptor, wherein such cells do not 
normally express the mammalian fb41a receptor, with both 
the chemical compound and a second chemical compound 
known to bind to the receptor, and with only the second 

25 chemical compound, under conditions suitable for binding 

of both compounds, and detecting specific binding of the 
chemical compound to the mammalian fb41a receptor, a 
decrease in the binding of the second chemical compound 
to the mammalian fb41a receptor, in the presence of the 

30 chemical compound indicating that the chemical compound 

binds to the mammalian fb41a receptor, 

70. A process involving competitive binding for identifying 
a chemical compound which specifically binds to a 

35 mammalian fb41a receptor which comprises separately 

contacting a membrane fraction from a cell extract of 
cells expressing on their cell surface the mammalian 
fb41a receptor, wherein such cells do not normally 
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express the mammalian fb41a receptor, with both the 
chemical compound and a second chemical compound known 
to bind to the receptor, and with only the second 
chemical compound, under conditions suitable for. binding 

5 of both compounds, and detecting specific binding of the 

' chemical compound to the mammalian fb41a receptor, a 
decrease in the binding of the second chemical compound 
to the mammalian fb41a receptor in the presence of the 
chemical compound indicating that the chemical compound 

10 binds to the mammalian fb41a receptor. 

71. A process of claim 69 or 70, wherein the mammalian fb41a 
receptor is a human fb41a receptor. 

15 72. The process of claim- 71, wherein the human fb41a 
receptor has substantially the same amino acid sequence 
as the human fb4 la receptor encoded by plasmid FB4 la 
(ATCC Accession No. 209449). 

20 73. The process of claim 69 or 70, wherein the mammalian 
fb41a receptor has substantially the same amino acid 
sequence as that shown in Figure 2A-2C (Seq. l.D. No. 
2) . 

25 74. The process of claim 69 or 70, wherein the mammalian 
fb41a receptor has the amino, acid sequence shown in 
Figure 2A-2C (Seq. I.D. No. 2) . 

75. The process of claim 73, wherein the cell is an insect 
30 cell . 

76. The process of claim 73, wherein the cell is a mammalian 
cell. 

35 77. The process of claim 76, wherein the cell is nonneuronal 
in origin. 

78. The process of- 'claim 77, wherein the nonneuronal cell is 
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a COS -7 ceil, 293 human embryonic kidney cell, a CHO 
cell, a NIH-3T3 cell, a mouse Yl cell, or a LM(tk-) 
cell . 

79. The process of claim 78, wherein the compound is not 
previously known to bind to a mammalian fb41a receptor. 

80. A compound identified by the process of claim 79. 

81 . A method of screening a plurality of chemical compounds 
not known to bind to a mammalian fb41a receptor to 
identify a compound which specifically binds to the 
mammalian fb41a receptor, which comprises 

(a) contacting cells transfected with and 
expressing DNA encoding the mammalian fb41a 
receptor with a compound known to bind 
specifically to the mammalian fb41a receptor; 

(b) contacting the preparation of step (a) with the 
plurality of compounds not known to bind 
specifically to the mammalian fb41a receptor, 
under conditions permitting binding of 
compounds known to bind the mammalian f b4 la- 
receptor ; 

(c) determining whether the binding of the compound 
known to bind to the mammalian fb41a receptor 
is reduced in the presence of the compounds 
within the plurality of compounds, relative to 
the binding of the compound in the absence of 
the plurality of compounds; and if so 

(d) separately determining the binding to the 
mammalian fb41a receptor of compounds included 
in the plurality of compounds, so as to thereby 
identify the compound which specifically binds 
to the mammalian fb41a receptor. 
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A method of screening a plurality of chemical compounds 
not known to bind to a mammalian fb4 1a receptor to 
identify a compound which specifically binds to the 
mammalian fb41a receptor, which comprises 

(a) preparing a cell extract from cells transf ected 
with and expressing DNA encoding the mammalian 
fb41a receptor, isolating a membrane fraction 
from the cell extract, contacting the membrane 
fraction with a compound known to bind 
specifically to the mammalian fb41a receptor; 

(b) contacting the preparation of step (a) with the 
plurality of compounds not known to bind 
specifically to the mammalian fb41a receptor, 
under conditions permitting binding of 
compounds known to bind the mammalian fb41a 
receptor; 

(c) determining whether the binding of the compound 
known to bind to the mammalian fb41a receptor 
is reduced in . the presence of the compounds 

• within the plurality of compounds, relative to 
the binding of the compound in the absence of 
the plurality of compounds; and if so 

(d) separately determining the binding to the 
mammalian fb41a receptor of compounds included 
in the plurality of compounds, so as to thereby 
identify the compound which specifically binds 
to the mammalian fb41a receptor. 

83. A method of claim 81 or 82, wherein the mammalian fb41a 
receptor is a human fb41a receptor. 

84. A method of claim 81 or 82, wherein the cell is a 
mammalian cell. 
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85. A method of claim 84, wherein the mammalian cell is non- 
neuronal in origin. 

86. The method of claim 85, wherein the non-neuronal cell is 
a COS- 7 cell, a 293 human embryonic kidney cell, a 
LM(tk-) cell, a CHO cell, a mouse Yl cell, or an N1H-3T3 
cell. 

87. A method of detecting expression of a mammalian fb41a ' 
receptor by detecting the presence of mRNA coding for 
the mammalian fb41a receptor which comprises obtaining 
total mRNA from the cell and contacting the mRNA so 
obtained with the nucleic acid probe of claim 3 0 under 
hybridizing conditions , detecting the presence of mRNA 
hybridizing to the probe, and thereby detecting the 
expression of the mammalian fb41a receptor by the cell. 

88. A method of detecting the presence of a mammalian fb41a 
receptor on the surface of a . cell which comprises 
contacting the cell with the antibody of claim 3 9 under 
conditions permitting binding of the antibody to the 
receptor, detecting the presence of the antibody bound 
to the cell, and thereby detecting the presence of the 
mammalian fb41a receptor on the surface of the cell. 

89. A method of determining the physiological effects of 
varying levels of activity of mammalian fb41a receptors 
which comprises producing a transgenic, nonhuman mammal 
of claim 52 whose levels of mammalian fb41a receptor 
activity are varied by use of an inducible promoter 
which regulates mammalian fb41a receptor expression. 

90. A method of determining the physiological effects of 
varying levels of activity of mammalian fb41a receptors 
which comprises producing a panel of transgenic, 
nonhuman mammals of claim 52 each expressing a different 
amount of mammalian fb41a receptor. 
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91. A method for identifying an antagonist capable of 
alleviating an abnormality wherein the abnormality is 
alleviated by decreasing the activity of a mammalian 
fb41a receptor comprising administering a compound to 
the transgenic, nonhuman mammal of claim 49, 52, 53, or 
54, and determining whether the compound alleviates the 
physical and behavioral abnormalities displayed by the 
transgenic,' nonhuman mammal as a result of overactivity 
of a mammalian fb41a receptor, the alleviation of the 
abnormality identifying the compound as an antagonist. 

92. An antagonist identified by the method of claim 91. 

93. A pharmaceutical composition comprising an antagonist 
. identified by the method of claim 92 and a 

pharmaceutical^ acceptable carrier: 

94. A method of treating an abnormality in a subject wherein 
the abnormality is alleviated by decreasing the activity 
of a mammalian fb41a receptor which comprises 
administering to the subject an effective amount of the 
pharmaceutical composition of claim 93, thereby treating 
the abnormality. 

95. A method for identifying an agonist capable of 
alleviating an abnormality in a subject wherein the 
abnormality is alleviated by increasing the activity of 
a mammalian fb41a receptor comprising administering a 
compound to the transgenic, nonhuman mammal of claim. 49, 
52, 53, or 54, and determining whether the compound 
alleviates the physical and behavioral abnormalities 
displayed by the transgenic, nonhuman mammal, the 
alleviation of the abnormality identifying the compound 
as an agonist. 
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An agonist identified by the method of claim 95. 



97. A pharmaceutical composition comprising an agonist 
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identified by the method of claim 95 and a 
pharmaceutically acceptable carrier. 

98. A method of treating an abnormality in a subject wherein 
5 the abnormality is alleviated by increasing the 

activity of a mammalian fb41a receptor which comprises 
administering to the subject an effective amount of the 
pharmaceutical composition of claim 97, thereby treating 
the abnormality. 

10 

99. A method for diagnosing a predisposition to a disorder 
associated with the activity of a specific mammalian 
allele which comprises: 

obtaining DNA of subjects suffering from the 
disorder; 

performing a restriction digest of the DNA with 
a panel of restriction enzymes ; 

electrophoretically separating the resulting 
DNA fragments on a sizing gel; 

contacting the resulting gel with a nucleic 
acid probe capable of specifically hybridizing 
with a unique sequence included within the 
sequence of a nucleic acid molecule encoding a 
mammalian fb41a receptor and labeled with a 
detectable marker; 

detecting labeled bands which have hybridized 
to the DNA encoding a mammalian fb41a receptor 
of claim 1 labeled with a detectable marker to 
create a unique band pattern specific to the 
DNA of subjects suffering from the disorder; 

preparing DNA obtained for diagnosis by steps 
(a) - (e) ; and 
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(g) comparing the unique band pattern specific to 

the DNA of subjects suffering from the disorder 
from step (e) and the DNA obtained for 
diagnosis from step (f) to determine whether 
. the patterns are the same or different and to 
diagnose ' thereby predisposition to the disorder 
if the patterns are the same. 

100. The method of claim 99, wherein a disorder 
associated with the activity of a specific mammalian 
allele is diagnosed. 

101. A method of preparing the purified mammalian fb41a 
receptor of claim 11 which comprises: 

(a) inducing cells to express the mammalian fb41a 
receptor; 

(b) -recovering the mammalian fb41a receptor from 

the induced cells; and 

(c) purifying the mammalian fb41a receptor so 
recovered . 

102. A method of preparing the purified mammalian fb41a 
receptor of claim 11 which comprises: 

(a) inserting . nucleic acid encoding the mammalian 
fb41a receptor in a suitable vector; 

(b) introducing the resulting vector in a suitable 
host cell; 

(c) placing the resulting cell in sui+- 
condition permitting the production of the isolated 

mammalian fb4 la receptor; 



(d) recovering the mammalian fb41a receptor 



9? 



produced by the resulting cell; and 

(e) purifying the mammalian fb41a receptor so 
recovered. 

A process for determining whether a chemical 
compound is a mammalian fb41a receptor agonist which 
comprises contacting cells transfected with and 
expressing DNA- encoding the mammalian fb41a receptor 
with the compound under conditions permitting the 
activation of the mammalian fb41a receptor, and 
detecting an increase in mammalian fb41a receptor 
activity, so as to thereby determine whether the 
compound is a mammalian fb41a receptor agonist. 

A process for determining whether a chemical 
compound is a mammalian fb41a receptor antagonist 
which comprises contacting cells, transfected with 
and expressing DNA. encoding the mammalian fb41a 
receptor with the compound in the presence of a 
known mammalian fb41a receptor . agonist, under 
conditions permitting the activation of the 
mammalian fb41a receptor, and detecting a decrease 
in mammalian fb41a receptor activity, so as to 
thereby determine ' whether the compound is a 
mammalian fb41a receptor antagonist. 

A process of claim 103 or 104, wherein the mammalian 
fb41a receptor is a human fb41a receptor. 

A pharmaceutical composition which comprises an 
amount of a mammalian fb41a receptor agonist 
determined by the process of claim 103 effective to 
increase activity of a mammalian fb41a receptor and 
a pharmaceutically acceptable carrier. 

A pharmaceutical composition of claim 106, wherein 
the mammalian fb41a receptor agonist is not 
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previously known. 

108. A pharmaceutical composition which comprises an 
amount, of a mammalian fb41a receptor antagonist 
determined by the process of claim 104 effective to 
reduce activity of a mammalian fb41a receptor and a 
pharmaceutical^ acceptable carrier. 

109. A pharmaceutical composition of claim 108, wherein 
the mammalian fb4-la receptor antagonist is not 
previously known. 

110. A process for determining whether a chemical 
compound specifically binds to and activates a 
mammalian fb41a receptor, which comprises contacting 
cells producing a second messenger response and 
expressing on their cell surface the mammalian fb41a 
receptor, wherein such cells do not normally express 
the mammalian fb41a receptor/ with the chemical 
compound under conditions suitable for activation of 
the mammalian fb41a receptor, and measuring the. 
second messenger response in the presence and in the 
absence of the chemical- compound, a change in the 
second messenger response in the presence of the 
chemical compound indicating that the compound 
activates the mammalian fb41a receptor. 

111. The process of claim 110, wherein the second 
messenger response comprises chloride channel 
activation and the change in second messenger is an 
increase in the level of inward chloride current . 

112 . A process for determining whether a chemical 
compound specifically "binds to and inhibits 
activation of a mammalian fb41a receptor, which 
comprises- separately contacting cells producing a 
second messenger response and expressing on their 
cell surface the mammalian fb41a receptor, wherein 



99 



such cells do not normally express the mammalian 
fb41a receptor, with both the chemical compound and 
a second chemical compound known to activate the 
mammalian fb41a receptor, and with only the second 
chemical compound, under conditions suitable for 
activation of the mammalian fb41a receptor, and 
measuring the second messenger response in the 
presence of only the second chemical compound and in 
the presence of both the second chemical compound 
and the chemical compound, a smaller change in the 
second messenger response in the presence of both 
the chemical compound and the second chemical 
compound than in the presence of only the second 
chemical compound indicating that the chemical 
compound inhibits activation of the mammalian fb41a 
receptor. 

The process of claim 112, wherein the second 
messenger response comprises chloride channel 
activation and the change in second messenger 
response is a smaller increase in the level of 
inward chloride current in the presence of both the 
chemical compound, and the second chemical compound 
than in the presence of only the second chemical 
compound. 

A process of any one of claims 110, 111, 112 or 113, 
wherein the mammalian fb41a receptor is a human 
fb4 la receptor. 

The process of claim 114, wherein the human fb41a 
receptor has substantially the same amino acid 
sequence as encoded by the plasmid FB41a (ATCC 
Accession No. 209449). 

The process of claim 114, wherein the human fb41a 
receptor has substantially the same amino acid 
sequence as that shown in Figure 2A-2C (Seq. I.D. 



WO 00/34334 



100 



PCT/US99/29268 



No. 2) - 

117. The process of claim 114, wherein the human fb41a 
receptor has an amino , acid sequence identical to the 
amino acid sequence shown in Figure 2A-2C (Seq. I.D. 
No. 2) . 

118. The process of any one of claims 110, 111, 112, 113, 
114, 115, 116, or 117, wherein the cell is an insect 
cell . 

119. ' The process of any one of claims 110, 111, 112, 113, 

114, 115, 116, or 117, wherein the cell is a 
mammalian cell. 

120. The process of claim 119, wherein the mammalian cell 
is nonneuronal in origin. 

121. The process of claim 12 0, wherein the nonneuronal 
cell is a COS-7 cell, CHO cell, 293 human embryonic 
kidney cell, NIH-3T3 cell or LM(tk-) cell. 

122. The process of claim 119, wherein the compound is 
not previously known to bind to a mammalian fb41a 
receptor. 

123. A compound determined by the process of claim 122. 

124. A pharmaceutical composition which comprises an 
amount of a mammalian fb41a receptor agonist 
determined by the process of claim 110 or 111 
effective to increase activity of a , mammalian fb41a 
receptor and a pharmaceutical^ acceptable carrier. 

125. A pharmaceutical composition of claim 124, wherein 
the mammalian fb41a receptor agonist is not 
previously known . 
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A pharmaceutical composition which comprises an 
amount of a mammalian fb41a receptor antagonist 
determined by the process of claim 112 or 113 
effective to reduce activity of a mammalian fb41a 
receptor and a pharmaceutically acceptable carrier. 

A pharmaceutical composition of claim 126, wherein 
the mammalian fb41a receptor antagonist is not 
previously known. 

A method of screening a plurality of chemical 
compounds not known to activate a mammalian fb41a 
receptor to identify a compound which activates the 
mammalian fb41a receptor which comprises: 

(a) contacting cells transfected with and 
expressing the mammalian fb41a receptor with 
the plurality of compounds not known to 
activate the mammalian fb4 la receptor, under 
conditions permitting activation of the 
mammalian fb41a receptor; 

(b) determining whether the. activity of the 
mammalian fb41a receptor is increased in the 
presence of the 'compounds; and if so 

(c) separately determining whether the activation 
of the mammalian fb41a receptor is increased 
by each compound included in the plurality of 
compounds, so as to thereby identify the 
compound which activates the mammalian fb41a 
receptor . 

A method of claim 128, wherein the mammalian fb41a 
receptor is a human fb41a receptor. 

A method of screening a plurality of chemical 
compounds not known to inhibit the activation of a 
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135. A pharmaceutical composition comprising «a compound 
identified by the method of claim 128 or 129 
effective to increase mammalian fb41a receptor 
activity and a pharmaceutically acceptable carrier. 

136. A pharmaceutical composition comprising a compound 
identified by the method of claim 130 or 131 
effective to decrease mammalian fb41a receptor 
activity and a pharmaceutically acceptable carrier. 

137. A method of treating an abnormality in a subject 
wherein the abnormality is alleviated by increasing 
the activity of a mammalian fb41a receptor which 
comprises administering to the subject an amount of 
a compound which is a mammalian fb41a receptor 
agonist effective to treat the abnormality. 

138. A method of claim 137, wherein the abnormality is a 
. regulation of a steroid hormone disorder, an 

epinephrine release disorder, a gastrointestinal 
disorder, a cardiovascular disorder, an electrolyte 
balance disorder, hypertension, diabetes, a 
respiratory disorder, asthma, a reproductive 
function disorder, an immune disorder, an' endocrine 
disorder, a musculoskeletal disorder, a visceral 
innervation disorder, a neuroendocrine disorder/ a 
cognitive disorder, a memory disorder, a sensory 
modulation and transmission disorder, a motor 
coordination disorder, a sensory integration 
disorder, a motor .integration disorder, a 
dopaminergic function disorder, an appetite 
disorder, obesity, a sensory transmission disorder, 
an olfaction disorder, a sympathetic innervation 
disorder, or migraine. 

13 9. A method of treating an abnormality in a subject 
wherein the abnormality is alleviated by decreasing, 
the activity of a mammalian fb41a receptor which 
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mammalian fb41a receptor to identify a compound 
which inhibits the activation of the mammalian fb41a 
receptor, which comprises: 

(a) contacting cells transfected with and 
expressing the mammalian fb41a receptor with 
the plurality of compounds in the presence of 
a known mammalian fb41a receptor agonist, under 
conditions permitting activation of the 
mammalian fb41a receptor ; 

(b) determining whether the activation of the 
mammalian fb41a receptor is reduced in the 
presence of the plurality of .compounds, 
relative to the activation of the mammalian 
fb41a receptor in the absence of the plurality 
of compounds; and if so 

(c) separately determining the inhibition of 
activation of the mammalian fb41a receptor for 
each compound included in the plurality of 
compounds, so as to thereby identify the 
compound which inhibits the activation of the 
mammalian fb41a receptor. 

A method of claim 13 0, wherein the mammalian fb41a 
receptor is a human fb41a receptor. 

A method of any one of claims 128, 129, 130, or 131, 
wherein the cell is a mammalian cell. 

A method of claim 132, wherein the mammalian cell is 
non-neuronal in origin. 

The method of claim 133, wherein the non-neuronal 
cell is a COS-7 cell, a 293 human embryonic kidney 
ceil, a LM(tk-) cell. or an NIH-3T3 cell. 
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comprises administering to the subject an amount of 
a compound which is a mammalian fb41a receptor 
antagonist effective to treat the abnormality. 

140. A method of claim 139, wherein the abnormality is a 
regulation of steroid hormone disorder, an 
epinephrine release disorder, a gastrointestinal 
disorder, a cardiovascular disorder, an electrolyte 
balance disorder, hypertension, diabetes, a 
respiratory disorder, asthma, a reproductive, 
function disorder, an immune disorder, an endocrine 
disorder, a musculoskeletal disorder, a visceral 
innervation disorder, a neuroendocrine disorder, a 
cognitive disorder, a memory disorder, a sensory 
modulation and transmission disorder, a motor 
coordination disorder, a sensory integration 
disorder, a motor integration disorder, a 
dopaminergic function disorder, an appetite 
disorder, obesity, a sensory transmission disorder, 
an olfaction disorder, a sympathetic innervation 
disorder, or migraine. 
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FIGURE 2 A 
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FIGURE 2B 
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Figure 4 
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FIGURE 6 

Distribution of rat FB41a using solution 
hybridization/nuclease protection assay 
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FIGURE 7 

Distribution of human FB41a 

(solution hybridization/nuclease protection assay) 
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FIGURE 8 
A B 
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SEQUENCE LISTING 
<] 1 0> Bard, Jonathan A. 

<120> DNA Encoding A Mammalian Receptor (fb41a) And Uses 
Thereof 

<130>55182-PCT.app " 

<140> 
<141> 

<160> 24 

<170> Patentln Ver. 2.0 - beta 

<210> 1 

<21 1> 1170 

<212>DNA 

<213> Homo sapiens 

<400> 1 

atggggttca tggatgacaa tgccaccaac acttccacca gcttcctttc tgtgctcaac 60 
cctcatggag cccatgccac ttccttccca ttcaacttca gctacagcga ctatgatatg 120 
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2 

cctttggatg aagatgagga tgtgaccaat tccaggacgt tctttgctgc caagattgtc 180 
attgggatgg ccctggtggg catcatgctg gtctgcggca ttggaaactt catctttatc 240 
gctgccctgg tccgctacaa gaaactgcgc aacctcacca acctgctcat cgccaacctg 300 
gccatctctg acttcctggt ggccattgtc tgctgcccct ttgagatgga ctactatgtg 360 
gtgcgccagc tctcctggga gcacggccac gtcctgtgca cctctgtcaa ctacctgcgc 420 
actgtctctc tctatgtctc caccaatgcc ctgctggcca tcgccattga caggtatctg 480 
gctattgtcc atccgctgag accacggatg aagtgccaaa cagccactgg cctgattgcc 540 
ttggtgtgga cggtgtccat cctgatcgcc atcccttccg cctacttcac caccgagacg 600 
gtcctcgtca ttgtcaagag ccaggaaaag atcttctgcg gccagatctg gcctgtggac 660 
cagcagctct actacaagtc ctacttcctc tttatctttg gcatagaatt cgtgggcccc 720 
gtggtcacca tgaccctgtg ctatgccagg atctcccggg agctctggtt caaggcggtc 780 
cctggattcc agacagagca gatccgcaag aggctgcgct gccgcaggaa gacggtcctg 840 
gtgctcatgt gcatcctcac cgcctacgtg ctatgctggg cgcccttcta cggcttcacc 900 
atcgtgcgcg aettcttccc caccgtgttt gtgaaggaga agcactacct cactgccttc 960 
tacatcgtcg agtgcatcgc catgagcaac agcatgatca acactctgtg cttcgtgacc 1020 
gtcaagaacg acaccgtcaa gtacttcaaa aagatcatgi tgctccactg gaaggcttct 1080 
tacaatggcg gtaagtccag tgcagacctg gacctcaaga caattgggat gcctgccacc 1 140 
gaagaggtgg actgcatcag actaaaataa 1 170 

<210>2 
<211>389 
: <212>PRT 

<213> Homo sapiens 
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<400> 2 

Met Gly Phe Met Asp Asp Asn Ala Thr Asn Thr Ser Thr Ser Phe Leu 
1 5 10 15 

Ser Val Leu Asn Pro His Gly Ala His Ala Thr Ser Phe Pro Phe Asn 
20 25 30 

Phe Ser Tyr Ser Asp Tyr Asp Met Pro Leu Asp Glu Asp Glu Asp Val 
35 40 45 

Thr Asn Ser Arg Thr Phe Phe Ala Ala Lys He Val He Gly Met Ala 
50 55 60 

Leu Val Gly He Met Leu Val Cys Gly He Gly Asn Phe He Phe He 

65 70 - 75 80 

Ala Ala Leu Val Arg Tyr Lys Lys Leu Arg Asn Leu Thr Asn Leu Leu 
85 90 95 

He Ala Asn Leu Ala He Ser Asp Phe Leu Val Ala He Val Cys Cys 
100 105 110 



Pro Phe Glu Met Asp Tyr Tyr Val Val Arg Gin Leu Ser Trp Glu His 
115 120 125 
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Gly His Val Leu Cys Thr Ser Val Asn Tyr Leu Arg Thr Val Ser Leu 
130 135 140 

Tyr Val Ser Thr Asn Ala Leu Leu Ala He Ala He Asp Arg Tyr Leu 
145 150 155 160 

Ala He Val His Pro Leu Arg Pro Arg Met Lys Cys Gin Thr Ala Thr 
165 170 175 

Gly Leu lie Ala Leu Val Trp Thr VafSer He Leu He Ala He Pro 
180 185 190 

Ser Ala Tyr Phe Thr Thr Glu Thr Val Leu Val He Val Lys Ser Gin 
195 200 205 

Glu Lys He Phe Cys Gly Gin He Trp Pro Val Asp Gin Gin Leu Tyr 
210 215 220 

Tyr Lys Ser Tyr Phe Leu Phe He Phe Gly He Glu Phe Val Gly Pro 
225 230 235 240 

Val Val Thr Met Thr Leu Cys Tyr Ala Arg lie Ser Arg Glu Leu Trp 
245 250 255 
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Phe Lys Ala Val Pro Gly Phe Gin Thr Glu Gin He Arg Lys Arg Leu 
260 265 270 

Arg Cys Arg Arg Lys Thr Val Leu Val Leu Met Cys He Leu Thr Ala 
275 280 285 

Tyr Val Leu Cys Trp AlaPro Phe Tyr Gly Phe Thr He Val Arg Asp 
290 295 300 

Phe Phe Pro Thr Val Phe Val Lys Glu Lys His Tyr Leu Thr Ala Phe 
305 310 315 320 

Tyr He Val Glu Cys He Ala Met Ser Asn Ser Met He Asn Thr Leu 
325 330 335 

Cys Phe Val Thr Val" Lys Asn Asp Thr Val Lys Tyr Phe Lys Lys lie 
340 345 350 



Met Leu Leu His Trp Lys Ala Ser Tyr Asn Gly Gly Lys Ser Ser Ala 
355 360 365 
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Asp Leu Asp Leu Lys Thr He Gly Met Pro Ala Thr Glu Glu Val Asp 
370 375 380 

Cys He Arg Leu Lys 
385 

<210>3 

<211>259 

<212>E»NA 

<213>rat 

<400>3 

tttggtgggc atcatgctgg tgtgtggcat cggcaacttc atcttcatca ctgcgctggc 60 
ccgctacaaa aagcttcgca acctcaccaa cctgcttatc gccaacctgg ccatttcgga 120 
cttcctggta gccatcgtgt gctgcccctt tgagatggac tactatgtgg tacgccagct 1 80 
ctcctgggag cacggccatg tcctgtgcgc ctccgtcaac tacttgcgca ccgtctccct 240 
ctacgtgtcc actaacgcc 259 

<210>4 
<211>86 
<212>PRT 
<213>rat 

<400> 4 
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Leu Val Gly He Met Leu Val Cys Gly He Gly Asn Phe He Phe He 
1 5 10 15 

Thr Ala Leu Ala Arg Tyr Lys Lys Leu Arg Asn Leu Thr Asn Leu Leu 
20 25 30 

He Ala Asn Leu Ala He Ser Asp Phe Leu Val Ala He Val Cys Cys 
35 40 45 

Pro Phe Glu Met Asp Tyr Tyr Val Val Arg Gin Leu Ser Trp Glu His 
50 55 60 

Gly His Val Leu Cys Ala Ser Val Asn Tyr Leu Arg Thr Val Ser Leu 
65 70 75 80 

Tyr Val Ser Thr Ash Ala 
85 

<210>5 
<211>50 
<212> DNA 
<213> Homo sapiens 
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<400> 5 

tgatggtctt catcgtcact tcctacagca ttgagactgt cgtgggggtc 

<210>6 
<211>51 
<212>DNA 
<2 1 3> Homo sapiens 

<400> 6 

cagtcacaca catcaggcag aggttaccca ggacccccac gacagtctca a 

<210>7 

<211>45 . 

<212> DNA 

<21 3> Homo sapiens 

<400> 7 

acctgcttat cgccaacctg gccttctctg acttcctcat gtgcc 

<210>8 

<211> 45 

<212> DNA 

<213> Homo sapiens 
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<400> 8 

acggcggtca gcggctggca gaggaggcac atgaggaagt cagag 45 

<210>9 
<211>33 
<212> DNA 

<213> Homo sapiens 
<400> 9 

cggaattctc cactctggat catgtatcat gac 33 

<210> 10 

<211>39 

<212>DNA 

<213> Homo sapiens 

<400>10 

ggtctctctg gcctctcagc aagcttcagg gcttcatgc 39 

<210> 11 

<211>42 

<212>DNA 

<213> Homo sapiens 
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<400> 11 

ggcctacctg gggattgtgc. tctgggtcat tgcctgtgtc ct 42 

<210> 12 

<211>45 

<212>DNA 

<213> Homo sapiens 

<400> 12 

gctgttggcc aggaagggca gggagaggac acaggcaatg accca 45 

<210> 13 

<211>45 

<212>DNA 

<213> Homo sapiens 

<400> 13 

accatctaca ccaccttcct gctcctcttc cagtactgcc tccca 45 



<210> 14 
<211>45 
<212>DNA 
<213>Homo sapiens 
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<400> 14 

cataacagac caggatgaag cccagtggga ggcagtactg gaaga 

<210> 15 

<211>45 

<212> DNA 

<2 1 3> Homo sapiens 

<400> 15 

aatgtggtgc tggtggtgat ggtggtggcc tttgccgtgc tctgg 

<210> 16 
<211>44 
<212> DNA 
<213> Homo sapiens 

<400> 16 

ggctgttgaa ccatgcagag gcagccagag cacggcaaag gcca 

<210>17 
<211>44 
<212> DNA 
<213> Homo sapiens 
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<400>17 

tcatcttctt agtgtgccac ttgcttgcca tgcctccacc tgcg 

<210> 18 

<211> 45 

<212>DNA 

<2 1 3> Homo sapiens 

<400> 1 8 

agaaagccat agatgaatgg gttgacgcag gtggaggcca tggca 

<210>19 

<211>23 

<212>DNA 

<213> Homo sapiens 

<400>19 

gccaagattg tcattgggat ggc 

. <210> 20 
<211>23 
<212>DNA 
<213> Homo sapiens 
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<400> 20 

ctgtcaatgg cgatggccag cag 23 

<210>21 
<211>36 
<212>DNA 
<213> Homo sapiens 

<400> 21 

agtactgaat tctttggtgg gcatcatgct ggtgtg 36 

<210>22 
<211>37 
<212>DNA 
<213> Homo sapiens 

<400> 22 

atgtcaggat ccggcgttag tggacacgta gagggag 37 

<210>23 
<211>24 
<212>DNA 
<213> Homo sapiens 
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<400> 23 

gcatcatgct ggtgtgtggc atcg 24 



<210> 24 

<211> 25 

<212>DNA 

<213> Homo sapiens 

<4O0> 24 

gttagtggac acgtagaggg agacg 
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